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FILARIASIS ann ELEPHANTLASIS 
IN FLL. 


_ Bemg a Report to the London School of Tropical Medicine 
: . 
P. H. BAHR, M.A., M.B., B.C., D.T.M.&H.,Cantab., 
WMER«C.S:. Ene, [.R2C.P., Lend. 


The researches detailed below were carried out in the Fiji Islands 
during the year 1910, and were made possible by a grant of £500, generously 
placed at the disposal of the London School of Tropical Medicine by 
Lord Sheffield for tropical research. 

The subjects chosen for investigation by the Committee of the Tropical 
School were :— 


(1) Elephantiasis and filarial diseases 
(2) Epidemic and endemic dysentery 


the two important diseases of the Colony. 

The author of this Paper was chosen as the representative of the School. 

A complete laboratory outfit was acquired, at a total cost of over £200. 
A first-class passage for myself and a second-class for my assistant to 
Sydney were given by the P. & O.S.N. Co., and free passages from Sydney 
to Fiji for myself and my wife by the Union Company of New Zealand. 
To both these steamship Companies my best thanks are due, and also to 
EK. W. Blessig, Esq., of Bletchingley, Surrey, for providing me with 
£300 for skilled laboratory assistance, thereby enabling me to economize 
my time and to extend the scope of the work. 

I arrived in Fiji on January 12th, 1910, and started work in a laboratory 
constructed on the verandah of a house which was leased for a year. 

The Fijian Government, at the suggestion of the late Governor, Sir 
Everard im Thurn, K.C.M.G., C.B., and with the sanction of the Secretary 
of State, appointed me Honorary Pathologist to the Colonial Hospital, 
Suva, at an honorarium of £100. 

I wish to acknowledge my indebtedness to the Government in giving 
me an Official status while in the Colony, for without this any extended 
research would not have been possible. I was thereby afforded every 
assistance from those officials and native chiefs with whom I came in 
contact. Moreover, I was enabled to visit, in a Government cutter, the 
islands of the isolated eastern group (vide map), where elephantiasis and 
its associated diseases are rife—a journey which, under ordinary circum- 
stances, would not have been practicable. By the advice of the Chief 
Medical Officer, the Hon. G. W. A. Lynch, I was given the assistance 
of a native medical student, Jesse by name, who possessed a knowledge 
of English, and who was invaluable in dealings with the natives and in 
interpreting their language. 

The researches being more or less complete, I left the Colony on February 
21st, 1911, and, travelling via Canada, reached London on March 28th. 
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I wish to acknowledge my thanks to all the officials of the Fijian 
Government with whom I came into contact, and with all of whom I 
have preserved the most friendly relations. Their kindly sympathy 
and aid in Suva, and especially in the isolated districts, were of the utmost 
value to me. To the Medical Staff of the Colony my best thanks are 
also due, particularly to the Hon. G. W. A. Lynch, the Chief Medical 
Officer; to Drs. E. Prideaux, J. F. Smalley, F. N. Smartt, of the Colonial 
Medical Service, and others for their great interest and assistance in 
enabling me to collect the data detailed below. More especially I wish also 
to acknowledge my indebtedness to Sir Patrick Manson, K.C.M.G., F.B.S., 
for many suggestions of great value, freely given during the course of 
this investigation, and especially for his assistance in the arrangement 
and writing of this Paper; to Dr. C. W. Daniels, late Director of the 
Tropical School, and to Dr. R. T. Leiper, who has critically examined many 
of my specimens of adult filariae, and whose valuable commentary on the 
subject he has permitted me to incorporate with this report; to Colonel 
Alcock, C.1.E., F.R.S., who has identified the mosquito intermediaries for 
me, and to Dr. G. C. Low for useful criticisms and aid in my study of the 
past literature of filariasis, to the Nursing Staff of the Colonial Hospital, 
Suva, for assistance in collection of blood specimens at night-time, 
I am also under heavy obligation. I should also like to acknowledge here 
my thanks to my able and conscientious assistant, Mr. W. J. Muggleton, 
to whose care and industry many of the sections illustrated in the text 
are due, and also to Mr. Robert McKay, of the London School of Tropical 
Medicine, for his assistance with the microphotographs. 

Before proceeding with my report, it seems advisable to say some- 
thing about the country and the people it refers to. 


Fiji comprises a group of about 250 islands, of which only the larger 
are to any extent inhabited (wide map). These latter comprise the islands 
of Vitilevu, Vanualevu, Taveuni and Ovalau. The total area of all the 
islands of the group is about equal to that of Wales. The more important 
islands are of volcanic origin. The mountains in the centre rise to 4,000 
feet, and are clothed to their summits with dense vegetation. All the 
islands are surrounded by coral reefs. The distance from the most 
westerly to the most easterly islands of the group is about 300 miles. 

The aboriginal natives, or Fijians, belong to the darker of the Polynesian 
races and number, all told, some 87,390. There is also a large East 
Indian population of 35,406; these are mostly imported coolies, under 
indenture, and living on the coconut, banana and sugar plantations. 

The population also comprises some 3,393 Europeans, 1,854 half-caste 

Fijians, and 3,000 imported labourers from the Solomon Islands. 
_ The large Fijian and Indian populations do not intermingle much, 
intermarriage being almost unknown. Hardly any Solomon Island 
women are imported; the great majority of the Solomon Islanders 
eventually return to their own islands. 

In the Fiji group, as in many other Pacific islands, there are mountain 
and coast tribes. These used to be in a state of perpetual warfare with 
each other, and did not intermingle; since the establishment of the 
ee Britannica, in 1874, this barrier to free intercourse has been broken 
down. 

The Fijians are now to some extent civilized: but, although they 
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profess Christianity, it cannot be said that they are Europeanized to 
any great extent. 
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The chief towns are necessarily the chief ports. Suva, on the large 
island of Vitilevu, is the present capital, and is the seat of Government. 
It contains 1,112 Europeans, and a variable number of natives and 
other races. Levuka,* on the island of Ovalau, is the old native capital ; 
its population is about 450 Kuropeans. 

The rainfall is a heavy one, and varies in different parts of the islands. 
In 1910 it measured 107 inches in Suva. The greatest daily rainfall 
recorded in one day is 26°50 inches. The rainfall is extended over the 
whole year, but is greatest in the hottest months. 

The climate is cool for the tropics. The hottest season extends 
from November to March. The highest temperature, 96°F., recorded in 
1910, was in February ; the lowest, 61°F., was in July. In Appendix I. 
a table will be found giving the mean maximum and minimum 
temperatures, together with the rainfall, for the last fifteen years. 

Hurricanes and gales occasionally occur and do great damage. A 
disastrous hurricane swept the islands of Vitilevu and Ovalau in March, 
1910, and did great damage in Suva. 

There are a great many rivers in Fiji. The most important are the 
Rewa, Navua, Singatoka, Nadi and Ba rivers in Vitilevu. On the alluvial 
flats are situated the chief sugar fields. These are artificially irrigated, 
and are worked by the Indian population. In Vanualevu there is one 
_ important river, the Labasa, at the mouth of which is situated a sugar 
plantation and a mill. 

Inter-island communication is still very primitive, and is carried on 
chiefly by small steamships and cutters. 

There are few good roads; inland communication is mostly effected 
by native paths. 

The banana and coconut plantations, the latter mainly in the islands 
of the eastern group, are situated along the coast lines. 

The native Fijian population, being in the main a maritime and fishing 
one, is located principally along or near the coast. There are few large 
towns in the interior. The natives of the eastern or Lau group (vide map) 
are the most prosperous, a large admixture of Tongan blood being found 
there. 

The food of the Fijians in their native villages consists almost entirely 
of yams and dalos (Calocasia esculenta)—both starchy foods, and of native 
fruits and fish. In the centres of civilization they are fond of tinned 
meats, especially salmon when they can get it. With the exception of the 
pig, which has run wild, the Fijian rarely keeps any domestic animal. 
The Indians live to a great extent on rice. This they cultivate in the 
vicinity of their settlements, which, in many instances, they contrive to 
occupy after the term of indenture is finished. The Solomon Islanders 
are the best labourers in the group, and are employed mostly in the 
coconut plantations. 

The natives wear no headgear, but are very proud of their upstanding 
curly hair. They wear a singlet or cotton shirt and a waist-cloth or 
‘“sulu,” held up by a leather belt. They walk barefooted. 

There is no poverty in Fiji. There is a system of communalism 
prevalent which the Government is doing its best to suppress. It is 
called “‘ kere-kere,” or begging, by means of which all goods become 
common property. Their wants are few, and a Fijian who has become 
rich by his own exertions is almost unknown. 


* Levuka is a common Fijian name for a town; another one of the same name is 
referred to in the text, this latter being the capital of the small island of Lakemba. 
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PREVALENT DISEASES. 


An epidemie of measles, in 1874, swept off over a quarter of the 
indigenous population. 

Anopheles mosquitos do not occur in the group, and consequently there 
is no malaria. Yaws is almost universal amongst the natives. Leprosy 
is fairly common. The lepers are now being segregated on the island 
of Mokagai. Tuberculosis is common, especially where natives come 
much into contact with the white man; it carries them off with alarming 
rapidity. Syphilis is unknown amongst the Fijians, and gonorrhoea 
is very rare; both of these diseases are common amongst the Indian 
population. Bacillary dysentery occurs in epidemics, and used to claim 
a number of victims. Amoebic dysentery, apparently rare amongst 
Fijians, is very prevalent amongst the Indians in certain of the sugar 
districts. : 


FILARIASIS. 


I will not attempt to review the literature of filariasis as a whole, 
but a résumé of that part of it which refers more especially to filariasis 
in the Pacific is desirable. 

Very early in the modern history of these parts the extreme frequency 
of elephantiasis was noted. When the pathological relationship of 
Filaria canguinis hominis to this disease began to be recognized, certain 
investigators remarked on the extreme prevalence of filariae in the blood 
of the natives of certain groups, Samoa for example. 

It* has been variously estimated that from one-twentieth to one-third 
of the total populations in some islands develop elephantiasis. The 
appearance of these extreme forms of the disease occurring in Samoa 
became familiar from the excellent photographs sent home by Dr. Davies 
of that island. Later,? from slides sent by the last-named gentleman, 
Dr. Manson (Sir Patrick Manson) proved that over half of those Samoans 
who were suffering from various elephantoid diseases harboured micro- 
filariae in their blood. In* 1895 Surgeon V. G. Thorpe (now Fleet- 
Surgeon, R.N.) examined the blood of a number of natives of Tonga, 
and found 41 per cent. of the male and 32 per cent. of the female 
adult population harboured filariae; in Fiji he ascertained that 25 per 
cent. of the population were similarly infected. Morgan Finucane,‘ in 
1901, exhibited photographs of cases of elephantiasis scroti in Fiji; some 
of the photographs were of extreme cases such as are rarely seen nowadays, 
for since the influx of medical men into these islands most of such cases 
have been operated on. Dr. G. W. A. Lynch® (now C.M.O., Fiji) examined 
the blood of 608 natives and found 25°68 per cent. infected with filariae. 
Brunwin’ in 1909, from 274 examinations, estimates the proportion at 
24°2 per cent. B. M. Wilson’ also in 1809, in routine examination of 
1,000 cases, found 38°8 per cent. infected; he estimates that 33 per cent. 
of total population, 43:3 per cent. males and 34-9 per cent. females, harbour 
microfilariae. It will be seen that the figures of the last three investi- 
gators are in close agreement. 

French investigators, also working in the French Pacific possessions, 
have left records. In Wallis Islands, Brochard* found a microfilaria in 
the blood of the islanders. Dubruel®, in Tahiti, states that in the island 
of Mooréa, where elephantiasis is very prevalent, in the night blood of 
200 inhabitants he did not find a single parasite, an observation 
entirely at variance with the experience of others. It is to be noted 
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that he gives no description of his: methods, nor of the quantity of 
blood examined. 

American investigators have ech: busy in the Philippines. Ashburn 
and Craig?® 4 12 found a microfilaria in the blood of nine natives. Phalen 
and Nichols’ +4 found among 933 Filipinos 2°6 per cent. infected, and gave 
a map of the distribution of filaria nocturna in those islands based on 
the examination of 6,604 individuals. 

Diesing™® (1909) reports a case of filariasis in New Guinea. From New 
Caledonia the records are scanty. Lang and Noc'® found filaria 
nocturna four times in 117 examinations made during a residence of 
twenty years in that island. Nicolas!’ records a case of chyluria 
occurring there. 

The Solomon Islands and New Hebrides have been too lately investi- 
gated by medical men for any extensive series of blood examinations to 
have been made. As will be seen later, a certain small proportion of 
the natives of the former were found to harbour microfilaria nocturna ; 
on the other hand over half showed signs of recent malaria, which is 
very prevalent in both groups. I met with a case of filariasis in a New 
Hebridean. I have been assured by observant travellers that elephantiasis 
is almost unknown in the Solomon group. 

The value of these various observations would have been very much 
. enhanced had the workers adopted the same methods and specified the 
time at which their blood examinations were made, and also the quantity 
of blood scrutinized. It is to be hoped that in future some uniform 
system of observation will be adhered to. 


TECHNIQUE. 


The method of preparing blood-films described by. Manson in his 
**'Propical Diseases,’ and the method of measuring definite quantities 
of blood as described by Low, are those I employed throughout. I found 
it simple, quick and reliable. The standard quantity has been 16 co. mm. 
of blood and has been strictly adhered to. This measurement is of use 
in accurately determining the periodicity and in conducting observations 
as to the actual number of parasites present in the circulation. The 
slides were examined immediately after being dehaemoglobinized. It 
was found that if the slides were left undehaemoglobinized for more than 
twenty-four hours the haemoglobin became fixed, and examination corre- 
spondingly more difficult. A certain number of each batch of slides 
were stained, without being fixed, in dilute carbol fuchsin; others, after 
fixing in alcohol and ether, were stained with haematoxylin with the 
view of determining the minute characteristics of any microfilariae that 
might be present. I may mention here that upon one occasion in 
making a consecutive series of slides from the same patient, a consider- 
able variation in the number of microfilariae present was noticed, showing 
that they are not uniformly distributed throughout the peripheral blood- 
stream (Appendix II.). A number of observations were made to deter- 
mine whether the act of squeezing the finger to obtain a larger supply 
of blood was responsible in any way for this variability in the number 
of microfilariae. No influence of this description could be recognized. 


CONCLUSIONS. 


In the course of my investigations, [ have been enabled to confirm 
many of the observations of previous workers on filariasis. My principal 
work on this helminthiasis, however, has been directed more especially 
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as it concerns the Fijians. I have arrived at certain conclusions, and 
these, for convenience, I shall, in the first instance, state categorically, 
before giving in detail the evidence on which they are founded. 

1. A large proportion, 27:1 per cent., of Fijians harbour microfilariae 
in their blood. 

2. This figure does not represent the aggregate liability of the Fijian 
to filarial infection. There are reasons for believing that, at one time or 
another, nearly every Fijian is the subject of filariasis. ‘hese reasons, 
together with the preceding (1), are : (A) Adult filariae are to be found in 
the lymphatics and other tissues without the presence in the blood of 
corresponding microfilariae ; (B) A large proportion of Fijians are affected 
with what in common with others I regard as filarial disease, and in 
whom no microfilariae can be found in the blood. That is to say, the 
proportion of Fijians carrying microfilariae (27°1 per cent.) added to the 
number of Fijians affected by filarial disease but without microfilariae 
(25°4 per cent.) amounts to 52°5 per cent. of the entire population ; (c) All 
Fijians, as well as foreigners for some time resident in Fiji, exhibit a well- 
marked eosinophilia, and this in the absence of evidence of infection 
with intestinal or other metazoal parasites ; (D) Patients with microfilariae 
in their blood have lost, while under observation, their microfilariae. 

3. In the present state of our knowledge it cannot be definitely 
stated whether the Fijian filaria is a new species, or whether it is Filaria 
bancroftc with the habit of its microfilariae, as regards periodicity, modified 
by local circumstances. 

(A) In favour of its being a distinct species are the following: Its 
larval form (microfilaria) exhibits in the blood no periodicity : i.e. contrary 
to what happens elsewhere in the case of Filaria bancrofti, it occurs in 
equal abundance in the blood at all hours of the day or night. While 
capable of development in Culex fatigans, the favourite intermediary 
of Filaria bancrofti, this mosquito is not nearly so efficient an inter- 
mediary in Fiji as it is in other countries, or as is Stegomyia pseudoscutellaris, 
the common mosquito in this group of islands. 

(B) In favour of the Fijian filaria being identical with Filaria bancrofti 
are the following: The Fijian microfilaria is morphologically identical 
with microfilaria bancrofti. The parental form of the Fijian micro- 
filaria, as far as can be ascertained at present, is identical with Filaria 
bancrofti. Both nematodes live in the same tissues, and are associated 
with the same diseases. Stegomyia pseudoscutellaris is an_ efficient 
intermediary for Filaria bancroftt. As regards adaptation to inter- 
mediary hosts, there is, therefore, a corresponding capacity. 

4. Assuming that the Fijian filaria is Filaria bancrofti, it may be that 
the absence of periodicity in the former is a partial adaptation to, and 
Impressed on it by, the habits of its usual intermediary host in Fiji, viz. 
Stegomyia pscudoscutellaris, a mosquito which feeds by day only. 

5. The absence of periodicity in the Fijian filaria does not depend 
on any racial peculiarity in the human host, for: (a) If a native of 
India or of the Solomon Islands harbouring microfilaria bancrofti comes 
to reside in Fiji, his microfilariae retain their habits of nocturnal periodicity ; 
(B) When such a stranger acquires filarial infection in Fiji, the corre- 
sponding microfilariae exhibit no such nocturnal periodicity, but in this 
respect comport themselves in the same way as do the microfilariae of the 
native Fijian. 


6. The principal pathological expression of filarial infection is the 
same in Fiji as elsewhere, viz., elephantiasis. 
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7. The lower extremities and scrotum are the parts of the body most 
frequently affected. 

8. In comparison with the natives of China, India and the West 
Indies, the natives of Fiji, and probably of other South Pacific Islands, 
are peculiarly liable to elephantiasis of the upper extremities. 

9. On the other hand they seem to be less liable to chyluria, lymph 
scrotum, varicose groin glands, and other forms of lymphatic varix 
depending on filarial obstruction of the thoracic duct above the points 
of entrance of the chyle vessels. 

10. The explanation of these possible peculiarities in the Fijian disease 
is not apparent. 

11. In many cases adult filariae occur in large numbers in the tissues, 
especially in lymphatic glands and vessels, but also in other organs, as 
the epididymis, testis and tunica vaginalis. 

12. In the latter circumstance may lie a contributary cause of the 
infecundity of the Fijian as a whole. 

13. In the situations mentioned the adult filariae may die, and 
may become cretified. 

14. The adult filariae is not an unusual cause of abscess, of hydrocele, 
of enlarged testes and of thickening of lymphatic vessels, and of fugitive 
swellings resembling Calabar Swellings. 

15. Whether alive or cretified, the adult filariae are the direct cause 
of fibrosis and blocking of glands and lymphatics. 

16. Eosinophile cells are present in large numbers around both living 
and calcified filariae. 

17. Calcified filariae have been found in the interior, and blocking 
the vasa efferentia, of the epididymis. 

18. Microfilariae emitted by the parent worm may not reach the 
general circulation, perishing in the gland or organ in which the worm is 
lying. 

19. Periodical discharges of microfilariae may be a factor in the 
production of lymphangitis, orchitis and funiculitis. 

20. After such inflammatory attacks the parent worm may perish. 

21. Lymph from such inflammatory foci may be sterile, or it may 
be the seat of bacterial invasion. 

22. Lymph from inflamed elephantoid tissue is usually sterile. 

22. ‘The precise mechanism of the production of elephantiasis has 
yet to be determined, but that the filaria is the principal factor is hardly 
open to doubt. 

24. Certain parasiticide drugs in medicinal doses have no manifest 
influence on the circulating microfilariae. 

25. ‘The absence of microfilariae from the blood in the case of undoubted 
infection with living filariae requires explanation. A similar anomaly 
occurs in other filarial imfections in man, e.g. in Pilarva loa and in Filaria 
volvulus. 

.26. Surgical and medical treatment of filarial disease is unsatisfactory. 

27. Mosquito destruction, carried out on the same lines as for malaria 
and yellow fever, is the only means likely to prove of service in eradicating 
or seriously mitigating this important helminthiasis. 

I propose to deal with each of these conclusions in the order 
stated. In several instances they are based on a mass of uninteresting 
statistical matter; this I have relegated to a series of appendices, con- 
tenting myself in the text of this report with a summary of the principal 
results obtained. 
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I. A large proportion of Fijians harbour microfilariae in their 
blood. 


1,320 people of all ages and for the most part of Fijian blood (vide 
Appendices II]. and IV.), were examined for microfilariae. 804 of these 
were males and 516 females. 30:4 per cent of the former, and 23°9 per 
cent. of the latter were found infected. That is 27-1 per cent. of the total 
population examined; a figure slightly lower than the 33 per cent. 
estimate given by Dr. Wilson, and slightly higher than that given by 
Dr. Lynch. 

Tables are given in the Appendix (Nos. HI. and IV.) showing the 
age incidence reckoned in decades. The incidence is greatest in both sexes 
after the twentieth year. The youngest Fijian in whose blood micro- 
filariae were found was a girl of five years of age. Comparatively more 
females than males were found to be infected below the age of ten years. 
Due allowance, however, must be made in these instances for the small 
numbers examined. The statistics given by Sir Patrick Manson in China, 
and later by Dr. Duncan Whyte,” show that the incidence of infection 
in that country also increases with age. 

In Fiji, as in countries where filariasis is common, it appears to be the 
rule that the incidence of infection is greatest in the male sex. The 
exception to this rule is British Guiana, where Daniels and Conyers'® 
found twice as many females infected as males. 

In my tables it will be noted that the greatest number of people 
examined ranged in age from ten to thirty years, the explanation being 
that natives of this age are more accessible for examination than are 
the very young and the elderly. 

The microfilaria rate in different parts of the Fiji Islands varies con- 
siderably, and in direct ratio with the number of cases of elephantiasis 
and other filarial diseases present (Appendix No. XVII.). Thus in 
the town of Bau, which lies just off the large island of Vitilevu, 
the microfilaria rate per total population is 12°5 per cent.; whilst on the 
island of Lakemba, 200 miles away, it is 36°5 per cent., or nearly three 
times that number. 


II. (a)—Adult filariae are to be found in the lymphatics without 
the presence in the blood of corresponding microfilariae. 


Under this heading I have grouped some observations on the con- 
ditions under which these and other adult filariae were found, and also 
on their measurements while alive. The minute anatomy and identi- 
fication of the species will be dealt with later by Dr. Leiper. 

Measurements were all made in normal saline on a glass slide. The living 
filariae, on being placed in the solution, were gently heated till they stretched 
themselves out and became motionless. The excess of saline solution 
was then blotted away and measurements of length ascertained by means 
of a fine compass and millimetre scale. Measurements of breadth and 
other details were made by means of a micrometer eyepiece. After 
ineasurement the worms were plunged into boiling 70 per cent. alcohol 
for transmission to Dr. Leiper. I give below a summary of twelve 
measurements, eight females and four males. The letters distinguishing 
each specimen refer to further particulars given in the text. : 


In making a filarial census of a town or district the aid of the native chief or 
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SuMMARY oF MEASUREMENTS OF LivE FILARIAR. 


TABLE I.—FEMALEs. 


A, B. Cc. D. E. F. G. H. 
Adult. Adult. Adult. |Immature.| Imma- Adult. Adult. Adult. 
ture. 
Length. 65 mm.|} 55 mm. 42mm.| 3lmm.}; 50mm. 50 mm. | 67 mm. 
Breadth. “177 mm. |°222 mm. |*2 _|-1824 mm, (135 mm. | -15 mm. 128 nam. 153 mm. 
Vaginal ‘76 mm. | 69 mm. | ° -| -64 mm. |'435 mm. |'434 mm. | °69 mm. ‘6 mm. 
opening 
Jrom 
mouth. Pk 
Anus -24 mm. ‘21 mm. 
from tip 
of tadl. 
TaBLe LI.—Mates. 
im. B. c. D. 
Length 29 mm 25 mm. Zo mana. 28 mm 
Breadth. °1296 mm. °129 mm. 09 mm 09 mm 
| 


1. Female (Table I., 4) found in a filarial abscess, uterus packed 
with embryos and ova. Numerous embryos observing no periodicity 
present in the circulation (vide Appendix XI., Chart XX.). 

2. Three perfect females (Table I., B,c,D) and two perfect males 
(Table IL., a, B) found in a large epitrochlear gland removed at operation 
from a Fijian. No other signs of filariasis, no microfilariae ever found 
in blood. One male and female found inextricably coiled round each 
other. Two females (c,p) found coiled up dormant in cortex of gland, 
but reviving on heating in normal saline. No microfilariae were found 
in gland juice. One female was found smaller than the others and 
apparently immature; the uterus was packed with ova, but contained 
no embryos. In all thirteen filariae, or portions of separate filariae, 
were taken from this one gland. 

3. Animmature female measuring only 31 mm. in length (Table I., &) 
and part of a small male found in an enlarged epitrochlear gland. No 
microfilariae were present in the circulation. The uterus of the female 
was packed full of ova, but no embryos were seen. One calcified filaria, 
was also seen in the gland. 

4. A perfect male, and an apparently immature female (Table L1., c, 
and Table I., r), removed from enlarged inguinal gland. No micro- 
filariae were found in the blood. No ripe embryos found in the uterus 
of the female, though several ova were in the process of differentiation 
m the anterior part of the uterus. Part of another female was found, 
from whose uterine tubes streams of ova emerged into the normal saline 
solution. On being gently warmed, the contained embryos became active, 
stretching out the chorional envelope to form the sheath of the living 
microfilaria. ‘This process was watched for some considerable time 
and bore out Sir Patrick Manson’s hypothesis, founded on observations 

on the filaria of Corvus torquatus in China, that the sheath is really the 
embryonic egg capsule. Slides showing the process were made and sketched 


(Plate I.). 
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The uncoiling of the embryos within the sheath has recently been 
observed by Huffman®? in the case of Filaria loa. 

Several dead and calcified filariae were also found in this gland. The 
male filaria, together with a piece of the gland tissue from which it had 
been removed, was placed in the incubator at 37° C. for 43 hours. It 
became very active and swam about, but did not attempt to enter the 
gland tissue. 

5. <A perfect female (Table I., G) found in the centre of a mass of 
pedunculated groin glands (Plate IT., and Phot. 7) together with part of 
a recently dead male. From the vaginal orifice of the female great 
numbers of microfilariae stretched out in their sheaths were seen emerging, 
but were apparently dead. No coiled embryos emerged from the vagina ; 
as has been suggested by Daniels, this orifice is probably too narrow 
to permit of their escape. No microfilariae were found in the blood. 


\ f _— 
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Microfilariae emerging from the uterus of the parent filaria, uncoiling in their 
chorional envelopes. Drawn at different stages.—Camera lucida, oil immersion lens. 


6. A perfect female (Table I., H) and a perfect male (Table II., p) 
obtained from a mass of varicose groin glands dissected post-mortem, 
Microfilariae were present sparingly in the blood; they exhibited no 
periodicity. Nine months before the patient’s death they could not be 
discovered in the blood, but both ova, microfilariae and their empty 
sheaths could always be seen in lymph of these glands procured by 
puncture. Many of the microfilariae so procured were small, with the 
sheath distended anteriorly and posteriorly, similar to those seen 
emerging from the uterus of the adult in other instances. The female 
though apparently fully adult, did not contain any embryos, but only 
ova. Numbers of calcified filariae were found as well. It is interesting 
to note that a continued high temperature of a hectic type often 
reaching 102° F. and 103° F., over a period of nine months and con- 
tinued absorption of tubercular toxins, appeared to exert no influence 
on the life of the filariae. The patient died of widespread tuberculosis. 


RP. Ho. Bahr dei, 1911. 
idee Fig. 1. 


PEATE. I. 


Rignde 
Enlarged groin gland removed from a mass of pedunculated glands (vide Phot. VIT). 
An adult male and female filaria were found in the centre of this specimen on 
dissection. The drawing of the section of this gland is actual size, to scale. 
Fig. 2. 
A calcified filaria from the same gland magnified ten diameters. 


P. H. Bahr del., 1910, 


PLATE XXVIII, 


Inguinal gland, excised from a mass of enlarged and varicose groin glands, 

showing contrast between fibrous medulla and adenomatous cortex. Calecified 

filariae were found in this specimen, both in the cortex and in the medulla. 

A and B, masses of calcified filariae. The drawing of the gland on section 
is actual size, to scale. 


For a description of this specimen, vide p. 62. 
(To jace p. 10. 
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Further details regarding these specimens and the patients from whom 
they were removed will be found in Appendix V. 

Thus it will be seen that though live adult filariae were found in six 
separate cases, in only two of these cases could microfilariae be found in the 
blood-stream. In neither of these two cases did the microfilariae observe 
any periodicity. 

As to the explanation of the absence at larvae in the blood-stream in 
such cases, four suggestions have occurred to me. 

(1) The immaturity of the worm. 

This may possibly be the explanation in Case 3 quoted, though 
naturally I had no means of determining the position, number and degree 
of maturity of any other filariae which might have been present. An 
experience, which perhaps may be included under this heading, occurred 
in connection with an allied species, Filaria immitis. A dog died of heart 
failure, but neither in many slides made of heart’s blood and that of other 
organs were any microfilariae found, although two female filariae were 
found in the heart-—one protruding from the innominate, and the other 
from the coronary vein. They were both immature. 

(2) By the inability of the microfilariae to gain the circulation. This 
point will be more fully discussed later. 

(3) The female worms, though mature, may only produce living larvae 
at certain periods. This point also will receive more adequate treatment 
elsewhere. 

(4) The worms, though adult, may be of one sex only. 


II. (b)—A large proportion of Fijians are affected with what, in 
common with other observers, I regard as filarial disease, and 
in whom no microfilariae can be found in the blood. 


From the fact mentioned in the last section, it is not surprising to 
find that so large a percentage, 33°6 per cent. of males (Appendix VI. A) 
and 18:4 per cent. of females, are the subjects of what is generally accepted 
as filarial disease, although exhibiting no microfilariae in the blood; 
and that the population of Fijians exhibiting evidence of filarial 
infection—that is, with microfilariae and without—totals no less than 
52°5 per cent. of the entire population (Appendix VI. Aa, B, c). Asin the 
case of other countries, quite a large proportion of the population are 
apparently tolerant of the parasite. Though undoubted subjects of 
filariasis, as evidenced by a blood examination, yet, as far as can be 
ascertained, they do not exhibit any signs of disease nor suffer any 
inconvenience from the presence of larvae in the blood-stream. 

Compared to the male, the female sex shows fewer signs of filarial 
disease. Thus, out of all.those who at one time or another must have 
harboured filariae, no less than 38°7 per cent. of the women and 14°5 
per cent. of the men show apparently no physical signs whatever of the 
infection (Appendix VII.). If we reckon only those with microfilariae 
in the blood, 75 per cent. of the women and 31 per cent. of the men exhibit 
no signs of disease (Appendix VII.). 

I need hardly state that the number of microfilariae in the blood bears 
no relation to the lesions with which they are associated. Appendix VIII. 
has been drawn up with this point in view. The highest count registered, 
460 embryos per 16 ¢.mm. blood, occurred in a perfectly healthy man 
exhibiting no signs whatever of filarial disease. 
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II. (c)—Eosinophilia. All Fijians, as well as foreigners for some 
time resident in Fiji, exhibit a well-marked eosinophilia, even 
in the absence of infection with intestinal and other metazoal 
parasites. 


The large number of Fijians infected with microfilariae, together with 
the large number affected with filarial disease unaccompanied by micro- 
filariae, and the almost universal presence of a high eosinophilia with no 
evidence of the presence of intestinal parasites, suggest that at some 
time or other all Fijians have been the subjects of filarial invasion. A 
high degree of eosinophilia was found in nearly all the Fijians examined 
by me, whether microfilariae were present in the blood-stream or not. 
Wilson, in Fiji,’ has examined a series with this point in view. He gives 
an average eosinophilia of 14-18 per cent. both in normal Fijians, in those 
with microfilariae without filarial lesions, in those with microfilariae in 
association with filarial disease, and in those with filarial disease without 
microfilariae. Brochard’ gives an eosinophilia of 13-18°7 per cent. in 
Wallis Islanders affected. It is to be noted that neither of these investi- 
gators made leucocyte total counts, or examined the faeces for ova. 
Duncan Whyte finds the greater the number of microfilariae the greater 
the eosinophilia. 

Gulland,? making leucocyte and differential count during the day and 
during the night in a person affected with filaria nocturna, found a 
corresponding periodicity of the eosinophilia. Whyte’s figures support 
this statement, but Calvert’s,24who made a similar investigation, do not. 

A Fijian in whom I studied the point showed an equal eosinophilia 
both in day and night blood (vide Appendix IX. a), and in another case, 
a Solomon Islander with filaria nocturna, even fewer eosinophiles were 
found at night than during the daytime, when no microfilariae were 
present. In the case of an infection with Filaria loa from West Africa, 
in which numbers of the associated microfilariae were present in the finger 
blood during the daytime only, a simultaneous record of the relative 
number of eosinophile cells was also made. The result is illustrated 
graphically (Appendix IX.a). No corresponding variation in the relative 
number of eosinophiles was noted. 

A complete blood examination was made in twenty otherwise normal 
Fijians with microfilariae and in twenty without. These were further 
subdivided into those in whose stools ova of intestinal parasites were 
found, and those in whose stools no such ova were discovered. The 
result is given in tabular form in the Appendix: LX. As B2G.D rl teal 
be seen from these that by estimating the gross number of eosinophiles 
present per c.mm. blood, and by the percentage of the eosinophiles to 
the total number of leucocytes counted, the eosinophilia varies from 
13-15 per cent. in each instance. The white and red blood counts were 
made with Thoma-Zeiss pipettes; of the whites never fewer than 768 squares 
were counted; and in estimating the red corpuscles at least sixty-four 
Squares were counted. ‘The blood film for the differential count was, after 
fixing, stained with haematoxylin (Delafield’s) for ten minutes, and with 
watery eosin for thirty seconds, and 300 cells were always counted. The 
haemoglobin index was estimated by Tallequist’s method. It is to be 
noted that neither the number of the white nor of the red blood corpuscles 
was affected in any serious degree by filariasis (Appendix IX., A, B, ¢, D) 
nor by the presence of intestinal parasites. The degree of eosinophilia 
does not differ in those harbouring few or many microfilariae. 
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The Fijians are liable to infection with intestinal parasites, which do 
not seem to affect their general health. A table (Appendix IX. &) is 
given showing that, from examination of 209 stools of normal Fijians, 
74:6 per cent. are infected with some intestinal parasite or other. <A 
large percentage, 27°8 per cent., harbour ankylostomes, or more probably 
Necator americanus, yet no Fijian was seen exhibiting any clinical signs of 
ankylostomiasis. Anaemia, cardiac failure, or oedema from this cause are 
apparently unknown amongst them, though the Kast Indian immigrants 
suffer greatly from ankylostomiasis. The frequency of infection with 
intestinal parasites apparently varies in different localities (vide Appendix 
IX. £). Whyte* has given tables to show that the greater the infection 
with one kind of parasite, and also the greater the variety of parasites 
present, the greater is the eosinophilia. This does not seem to hold 
good in Fijians. A similar investigation of eleven Fijians affected with 
elephantiasis gave an eosinophilia of 8°9 per cent. (wide Appendix IX. F), 
and forty cases of elephantoid disease in Fiji (one Indian case included) 
gave an eosinophilia of 12°7 per cent. (IX. H). An equally high eosino- 
philia appears to be present in cases of elephantiasis whether microfilariae 
are present in the circulation or not; this was deduced from an investiga- 
tion of thirty cases (vide Appendix IX. 1). 

In order to ascertain if racial or climatic influence was responsible 
for the high degree of eosinophilia obtaining in Fiji, the blood of a number 
of Europeans born in the Colony was investigated. As will be seen from 
the tables (Appendix IX. J) the result obtained was an average eosino- 
philia of 3°4 per cent., slightly higher than that found in Europeans at 
home. A stool examination was not feasible in these cases. An average 
eosinophilia of 7°7 per cent. was found in six Europeans harbouring 
microfilariae (vide Appendix IX. kK); neither the red nor white blood 
corpuscles, nor the haemoglobin index, appeared to be affected in these. 
An eosinophilia of 8°7 per cent. was found in eleven Europeans 
(Appendix IX. 1) suffering from various symptoms of filarial disease 
without any microfilariae in the circulation. 

It may be noted here that in cases where microfilariae are absent from 
the blood-stream, it is possible that they were present in small numbers, 
so as not to be apparent in a slide containing the relatively small quantity 
of blood examined. But in no instance did the examination of a larger 
quantity of blood (1-2 ¢.c.) abstracted from a vein and centrifuged in 
citrate solution (1 per cent., plus an equal quantity of *7 per cent. saline) 
demonstrate their presence when they could not be found in three slides 
of blood containing 16 c.mm. each. 


II. (d)—Patients with microfilariae in the blood have lost, while 
under observation, their microfilariae. 


In seven instances the disappearance of microfilariae from the blood- 
stream was noted during a series of four hourly observations with 
measured quantities of blood. In every case some inflammatory dis- 
turbance preceded the disappearance. In no instance were micro- 
filariae very abundant in the blood-stream. Three times the microfilariae 
disappeared completely in the course of twenty-four hours; once when 
temperature at the time was quite normal. Inno instance after repeated 
examination were they ever found again. 

CasE 1. After a typical attack of orchitis and adenitis, the micro- 
filariae, which were never numerous, disappeared from the patient’s 
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blood, nor could they be found therein subsequently ; previous to their 
disappearance microfilariae were obtainable by puncture of the inflamed 
glands. The temperature was of a hectic type. A fortnight after 
admission, pus, growing Streptococcus pyogenes in pure culture, was 
obtained from the right groin. The patient, who was a Fijian, sub- 
sequently died. 

CasE 2. In this instance, too, the microfilariae were never numerous. 
The patient, a Fijian, had a typical attack of orchitis, followed by lymphan- 
gitis of the left arm. Microfilariae were not to be found in the blood after 
the fourth day of the illness when the temperature was 102° F. An 
inflammatory mass appeared above the internal condyle of the left arm. 
One microfilaria was found on puncture of this swelling. The lymph 
so obtained proved sterile on culture. The inflammatory mass was 
excised. On examining a section microscopically part of an adult 
filaria was found in a lymphatic space, surrounded by eosinophile cells 
and inflammatory tissue (Plate III.). The patient was subsequently 
admitted at various times with attacks of adenitis and orchitis. The 
lymph from gland-punctures was always found to be sterile on culture. 

Case 3. The patient, a Fijian, was admitted to hospital at various times 
suffering from adenitis and orchitis. LLymph obtained by gland-puncture 
was sterile. The microfilariae, which were never numerous, disappeared 
_ from the circulation when the temperature became normal, i.e. within 
twenty-four hours. 

Cast 4. A European, twenty-two years resident in the South Seas. 
Microfilariae were fairly numerous in the blood-stream ; they exhibited 
no periodicity. The patient, while under observation, had two typical 
attacks of lymphangitis in the left leg. After the temperature became 
normal the microfilariae disappeared, and were not found subsequently. 

CasE 5. Double orchitis in a Fijian, accompanied by adenitis of the 
groin glands; microfilariae in the blood. Lymph obtained by puncture 
of the inflamed glands remained sterile on culture. The microfilariae 
disappeared from the blood-stream within twenty-four hours when under 
observation, and while the temperature registered 104° F. 

Case 6. A European patient born in the Colony; lymphangitis and 
adenitis of right leg; microfilariae exhibiting no periodicity sparingly 
present in the blood-stream. No microfilariae were found in the blood 
after the second attack of lymphangitis. Cultures of lymph remained 
sterile. 

Case 7. The patient was an Indian born in the Colony. He was 
admitted with a temperature of 105° F., but no other physical sign of 
disease. He was under observation extending altogether over a period 
of nine months. Microfilariae were quite numerous in the blood at first, 
and showed no periodicity. They gradually diminished in number, 
and after a second attack of fever completely disappeared. (For further 
details of these cases vide Appendix X.) 

It is difficult to account for the disappearance of microfilariae in so short 
a period as twenty-four hours, as was the case in three of these patients. 
This phenomenon has been noted by many observers, and doubtless is 
the explanation of several of the reputed therapeutic cures”! of filariasis. 
To understand the mechanism by which the disappearance is accom- 
plished it is necessary to know the life-span of the microfilariae in the 
blood. I know of no observations in man which throw any light on this 
point, but Filleborn’* has investigated the subject in the dog. He 
injected a puppy with a quantity of heart’s blood containing numerous 
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microfilariae (Filaria immitis) from another dog. Not only were the 
microfilariae found in the blood for a space of ten months after, but they 
appeared to become more numerous. Even assuming that infection 
with adult worms was in this instance excluded, it would seem that the 
life of a microfilaria in the blood-stream is along one. If this observation 
on F’. immitis applies equally to F’. bancrofti it becomes difficult to account 
for the disappearance in so short a time in my patients of their micro- 
filariae, on the assumption that it was brought about solely through the 
death of the parent worm. Experiments im vitro were made in the 
hope that they would shed more light on this point, but without success 
(Appendix XXXI.). Living microfilariae bancrofti were placed in 
citrate of soda solution to which various sera were subsequently added. 
The experiments were not very convincing, but as far as they go they 
tend to show (L) that no immunity reaction is developed in blood infected 
with microfilariae ; (2) that microfilariae can live equally well (A) in 
normal serum, (B) in serum from cases of elephantiasis, (¢) in serum from 
cases of orchitis and lymphangitis obtained during the attack, and after 
the disappearance of microfilariae from the circulation. Once they 
remained alive for nine days in serum from a man suffering at the time 
with filarial fever, but without microfilariae in his blood. In the course 
of these experiments I found that the microfilaria lives best at tempera- 
tures lower than that of the human body. Jn vitro and in sterile 
solutions, even at normal blood temperatures, they never lived very long, 
and they all perished in a shorter time in the few experiments undertaken 
at higher temperatures, probably, as far as could be ascertained, owing 
to the more rapid reduction of the oxygen present. It was noted that all 
microfilariae died directly the oxy-haemoglobin became reduced. 

The disappearance of the microfilariae has been attributed by Primrose?® 
to the removal of the adult worm by surgical operation, but, as pointed 
out by Manson,” their disappearance in this instance had to be ascribed 
to the subsequent attack of lymphangitis. In his experience he has 
noticed this occurrence several times. 


III. 1 (a)—Periodicity. The microfilaria of Fiji observes no 
periodicity. | 


This was first pointed out by Thorpe? in the Tonga islands. The 
microfilaria he found there and in Fiji was considered at first to be identical 
with microfilaria nocturna, whose periodicity had been disturbed by 
the irregular habits of the islanders. Lynch® found that in 156 filaria- 
infected Fijians microfilariae were present in both day and night blood 
in 105. Brunwin found no periodicity in the course of his inquiry, nor 
did Wilson’?—in this case with measured quantities of blood. 

In 1906 Ashburn and Craig! described a microfilaria with no periodicity 
occurring in the blood of a Filippino suffering from chyluria. From 
certain characteristics observed they regarded it as a new species, Filaria 
philippinensis. To the characteristics they mention I will refer later. 
In 1907" they reiterated their views, based on a study of four additional 
cases. They also described the development of this filaria in Culex 
Jatigans. In 1909" a paper was read before the Society of Tropical 
Medicine by Captain Craig in which he repeats the statement made in 
previous papers ; this paper was criticised by Low. To this criticism 
Captain Craig has replied! pointing out that the lack of periodicity is 
a constant feature. To this Low has again answered.2° 


17 


Phalen and Nichols'* showed that filaria nocturna is widely distributed 
in the Philippines, and have determined the periodicity in at least one 
case by a two-hourly examination of the blood in each locality visited. 
In a later paper! they deduce from an examination of 6,804 specimens 
of blood taken at night only that the filaria is very unequally distributed 
in the Philippines. These observations, however, and the difficulty of 
identifying Filaria philippinensis by the descriptions given being borne 
in mind, afford no reliable evidence as to the frequency, actual or relative, 
of the two varieties in the Philippines. They do not discuss the question 
of periodicity in different races, nor of the influence of long residence 
or recent arrival. 

Leber and Prowazek*> in Samoa lately described the microfilaria of 
that group. They found that it exhibited no periodicity. 

Brochard’ has found that the microfilaria of the Wallis Islanders 
observes no periodicity, and compares it with the descriptions of Milaria 
philippinensis, but prefers to wait for the discovery of the adult worm 
before naming it as such. 

As regards my own observations, the tables given in Appendix XI. 
sufficiently prove, I think, that in the Fijian, whether normal or the 
subject of filarial disease, the microfilaria observes no periodicity in the 
blood-stream. 'The Charts accompanying Appendix XI. (Nos. I.—XIV.) 
_were made from observations on ten different Fijians. Four were perfectly 
normal males. Charts were made, giving the numbers of microfilariae 
observed in the blood abstracted simultaneously from a finger of each 
hand. One of these Fijians was the subject of hydrocele, another of 
ankylosis of the hip, while three were suffering from elephantiasis. Out 
of 114 persons harbouring microfilariae no periodicity was present in 
ninety-one. The others had a very small infection, numbering but one 
or two microfilariae per slide, and consequently were of little, if of any 
value in determining periodicity. I may state that in making these 
observations great care was taken that the blood was duly measured 
(16 c.mm.) and was always procured at the same hour, viz. between 10 
and 11 a.m. and 10 and 11 p.m. 


III. (a)—While capable of developing in Culer /atigans, the 
favourite intermediary of /7/aria bancrofti, this mosquito is 
not nearly so efficient an intermediary in Fiji as it is in other 
countries, or as is Stegomyia pseudoscutelaris, the common 
mosquito of the group of islands. 


Seven species of mosquito, identified subsequently by Colonel Alcock, 
C.I.K., F.R.S., were collected in the neighbourhood of my laboratory 
in Suva. Some of these were met with in other localities, as described 
in Appendix XVII. Stated in the order of prevalence they are as 
follows : 

Stegomyia pseudoscutellaris (Theob.) (Coloured Plate IV.). This 
species, established early in 1910 from specimens sent home from Fiji 
by Mr. J. P. Jepson, is a purely day-biting insect, and is undoubtedly the 
commonest mosquito in Fiji. It is distinguished from its congener 
Stegomyia scutellaris—which does not occur in Fiji— by its more extensive 
thoracic markings and the incompleteness of the abdominal bands. The 
larvae are very similar to those of Stegomyia scutellaris,. but differ in 
having more and differently shaped spines on the penultimate abdominal 
segment. Further details regarding the habits of this species, the larvae 
and their food, will be found under Appendix XX XIII. 
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Culex fatigans (Wied) was bred in the laboratory all the year round’ 
but more sparingly, however, during the cool season. Larvae were found 
in a dark fresh-water tank, in kerosene tins and in artificial breeding- 
pools, placed round the laboratory. It is a purely night-feeding species. 

Culex jepsoni (Theob.) (Coloured Plate V.). Another new species 
determined from specimens sent to England early in 1910. I found it 
breeding in open sheets of water. When alive, it is easily distinguished 
from Culea fatigans by its marked banded proboscis. It is a large, heavy 
mosquito, feeding equally well both night and day. C. fatigans and 
C'. jepson feed well in captivity on banana, apple, etc., but considerable 
difficulty was experienced in starving them to the right degree of 
voracity that ensured their feeding on blood. 

Finlaya poecila (Theob.) appeared at night sparsely in March, and again 
in September and October. A very shy-feeding species, and only females 
were found. I never succeeded in breeding it from the larva. 

Stegomyia fasciata (Fab.) was bred from larvae in the laboratory. 
It is a rare mosquito in the country in Fiji, but common in the town of 
Suva. Captive specimens fed equally well both day and night. 

Culex nocturnus (‘Theob.), a species only described from Fiji. It is recog- 
nizable by its banded legs and abdominal markings. It bred sparingly 
in stagnant water round my house, but never in numbers sufficient for 
experiment. 

Phoniomyia (prox. nitidiventer) (Giles) was hatched out in quantities 
from larvae found in an old kerosene tin in April, 1910. The imagines 
were all females. No males were ever seen. It was never met with 
again. 


Mosquito AS AN INTERMEDIARY OF THE FILARIA. 


I made a series of observations on the development of the filaria in 
the mosquito in the following species. Only mosquitoes bred in captivity, 
and only “no periodicity”? microfilariae were employed :— 

Culex fatigans; Stegomyia pseudoscutellaris ; Stegomyia fasciata ; 
Culex jepson. 

In making these experiments in order, so far as possible, to obtain 
uniformity of conditions, certain precautions were necessary. 


Tur TEMPERATURE OF THE ATMOSPHERE. 


Appendix XII. gives the average mean, maximum and minimum 
temperatures during the months in which the experiments were pursued. 
It will be gathered from this that the very limited range of temperature 
experienced in Fiji has little influence in determining the actual develop- 
ment of the filaria in the mosquito. The temperature was higher in 
May and June, when the main work with Culex fatigans, Stegomyia 
fasciata and Culex jepsoni was undertaken, than in August and 


September, when the first experiments with Stegomyia pseudoscutellaris 
were begun. 


THE NUMBER oF MICROFILARIAE IN THE CIRCULATION FAVOURABLE 
FOR EXPERIMENT. 


4 ya 1 aC 4 . . . . 
Rene ‘Nd it was found that the microfilaria infection had to 
heitner too small nor too lare ; ; . 
Sa aaa é ¥ large. In order to arrive at the optimum 
BT ection certain experiments had to be made. An estimate 
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P. H. Bahr del., 1911: 
PLATE IV. (upper figure). 


Stegomyia pseudoscutellaris (Theob.) 9, Fiji 


PLATE V. (lower figure). 
Culex jepsont (Theob.) 9, Fiji. 
The + under each figure represents the actual size of the insect. 
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PLATE VI. 


To illustrate the development of the 


specimens of larval filariae. 


Fourth day in Stegomyia pseudoscutellaris 
Tenth day in Stegomyia pseudoscutellaris 


Tenth day in Stegomyia pseudoscutellaris 
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extremity. 


Length -36 mm. Breadth 


5. 


Sixteenth day in Stegomyia pseudoscutellaris (7th Sept.). 


Sixteenth day in Culex fatigans (3rd July). 


ant. ‘024 mm. Breadth post. ‘018 mm. 


6. 
Breadth ant. -015 mm. 


°84 mm. 


Length 


Oesophageal bulb -194 mm. 


024 mm. 


Breadth post. 


from ant. extremity. 
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PEATESV ITE 


Larval filariae in Stegomyia pseudoscutellaris, second day after infection during 
the hot weather in November.—Camera lucida. 


THORAX. 


P. H. Bahr del., 1911. 


PLATE<VIIT. 


Filariae in Stegomyia pseudoscutellaris, 
hot weather, November.—Camera lucida. 
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of the average number of microfilariae present in the blood of a selected 
patient was first made (vide Appendix II.). Mosquitoes, after feeding 
on the patient, were dissected immediately, and the number of micro- 
filariae in the stomach contents counted. It was found that from a 
patient with a small infection (7 microfilariae per 16 c. mm.) they failed 
to imbibe any microfilariae ; whilst from a patient with 220 microfilariae 
per 16 c.mm. the number taken up was so large that nearly all the 
infected mosquitoes died. Ultimately an infection of from 40-60 
microfilariae, per 16 c. mm. was found to be the most favourable both for 
the development of the filaria and for the longevity of the mosquito. 


EXPERIMENTS WITH CULEX FATIGANS. 


Some of the infected insects were dissected (Appendix XIII. 4). 
Others were preserved for sectioning in celloidin. It was proved that 
the development of the microfilariae took place normally but sparingly. 
In the majority the infection died out altogether, although the insects 
were fed on the same patient as was the species next to be alluded 
to. The larvae could be recognized, as long as seventeen days after 
ingestion, as minute elongated forms stretched out between the muscle 
fibres of the mosquito’s thorax. No further development had taken 
place; the nuclear core of the microfilaria and even the break in the 
column of cells, so characteristic of the embryo, could still be recognized. 

In May a filaria was found in the proboscis of a Culex fatigans on the 
nineteenth day after feeding. In no instance after the seventh day 
were more than two developing filariae found in the thorax of one. 
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PLATESX. 


Head and proboscis of Stegomyia pseudoscutellaris, fifteen days after feeding, 
showing two filariae lying in head and three in proboscis.—Camera lucida 
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PLATE XI. 


‘ Showing dead form of filaria (marked x), encased apparently in chitin, in thorax 
of Stegomyia pseudoscutellaris._—Camera lucida. 


Microphot., P. H. Bahr. 


PHOTOGRAPH I. 
Highth day of development. 


Developing filariae in Stegomyia pseudoscutellaris during the hot weather, 
November, 1910. 


Microphot., P. H. Bahr. 
PHOTOGRAPH II. 


Twelfth day of development. 


Developing filariae in Stegomyia pseudoscutellaris during the hot weather, 
November, 1910. 


Microphot., P. H. Bahr. 


PHOTOGRAPH III. 


Filariae in Stegomyia pseudoscutellaris, eleventh day after infection during the 


cool weather, August, 1910. To show contrast in stage of development during 
the hot and cool months. 
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It is important to note that Ashburn and Craig, in their description of the 
development of Filaria philippinensis in C. fatigans, state that although 
as many as fifty-one filariae were found in the thorax on the eighth day, 
yet in a great many instances the filariae died out altogether, and that 
it was unusual to find more than four to six filariae undergoing the 
complete cycle; frequently only one was found in the proboscis. The 
experience of these observers agrees with mine as regards this species 
of mosquito. They observed no development in stegomyiae (species 
not mentioned). They state further that complete development in 
C’. fatigans took fourteen or fifteen days. 

Degenerating forms of filariae were found from time to time (Appendix 
XIII. 4). Ina great many of my filaria-fed mosquitoes no filariae could 
be found. I may add that each insect was carefully examined before 
dissection, and as C. fatigans is the only species of culex in Fiji with 
unbanded legs the identification was easy and reliable, and further, that 
all the preserved specimens brought home for sectioning were identified 
by Colonel Alcock. These celloidin sections bear out my statements, 
as regards the relative inefficiency of C. fatigans as an intermediary of 
the filaria in Fiji. Numbers of filariae can be seen in sections of the 
thorax in insects killed on the sixth or seventh day after feeding; they 
appear to be developing normally. After this point in many instances, 
all that can be found is an elongated mass of packed nuclei representing 
the filaria. The stages towards complete development in C. fatigans 
were the same (Pl. VI.) as in the next species of mosquito, but were 
affected at a much slower rate. 


EXPERIMENTS WITH STEGOMYIA PSEUDOSCUTELLARIS. 


Details of dissections of forty infected specimens of this mosquito 
are given in Appendix XIII. B, showing the great numbers 
of filariae which may develop in this species, the rate of their 
development, and the measurements at different periods. The 
accompanying plates and photographs (Pl. VIT.-X., and Phots. I., II., and 
III. illustrate these points. Very few dead or degenerating forms were 
seen on dissection, but curious and apparently chitinified bodies resem- 
bling a developing filaria in shape and actually enclosing their remains 
were met with many times (Pl. XI.) in sections. Apparently the rate of 
development is in some measure dependent on the temperature of the 
atmosphere. In experiments extending over a period of five months, viz. 
from July to the beginning of November, a period of twenty-one days 
elapsed before the filariae were found in the proboscis, whilst in similar 
experiments in November and December, when the maximum mean 
temperature was about five degrees higher than in the previous months, 
complete development was observed on the thirteenth day, and in certain 
celloidin sections of mosquitoes infected during the latter months such 
filariae were found in the proboscis on the tenth. 


EFFECT OF DEVELOPING FILARIAE ON THEIR Mosqutro INTERMEDIARY. 


The developing filariae had a deleterious effect on the health of the 
mosquito. Heavily infected mosquitos can be readily recognized; the 
attitude and general appearance betray the infected insect. It becomes 
more and more sluggish until, ultimately, it is unable to insert its stilettes. 
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Observations on the infected mosquito showed that of those fed on 
small infections nearly all lived till the twenty-first day, but out of a 
batch of 200 fed on a patient with an average of seventy-one micro- 
filariae per 16 c. mm. blood only seventeen survived to that time. The 
filariae in these seventeen survivors were all found in the proboscis. The 
period at which the infected mosquitoes died depended apparently upon 
the degree of development of the filaria, and the rate of development 
upon the temperature. Thus in July and August the greatest number 
of mosquitoes died on the tenth day after feeding, in the hotter weather 
of November on the sixth day. From these observations it followed 
that an individual with a moderate infection may be a greater danger 
to the community than one with a large infection. 

The last few days, that is when the filaria has entered the proboscis, 
appear to be the critical time for the mosquito. In one batch twenty- 
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PRATESXIL 


: Section of thorax of Stegomyia pseudoscutellaris, showing large coiled filaria ready 
o emerge, and small form of only two days development.— Camera lucida. 


three mosquitoes were alive on the fifteenth day after infection ; though 
fed on blood in the meantime only three of them lived four days longer. 

Heavily infected stegomyiae were kept alive for twenty-nine days: for 
the last nine days, instead of being fed on blood, they had subsisted on 
bananas. On dissection no filariae were found in the proboscis, although 
as regards others of the same batch numerous filariae were found in the 
proboscis of all of them. The filariae in the banana-fed insects had in 
all probability left the proboscis while feedine on the fruit. This 
observation is in agreement with Fiilleborn’s experience but at variance 
with that of Manson, Low, and Vincent on Filaria immatis, 
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In order to ascertain whether or not the stegomyia is an absolutely 
efficient intermediary, it is necessary to know the average number of 
microfilariae imbibed by the individual mosquito, and also, whether all 
those imbibed complete their development as far as the mosquito phase 
is concerned. This point it was necessary to ascertain, seeing that some 
have stated that the number of microfilariae~taken into the mosquito’s 
stomach is in excess of those present in a like amount of finger blood. 

Ashburn and Craig" state that in their experience the mosquito (Culex 
fatigans) manages to abstract forty or fifty or more times as many micro- 
filariae than are present in a similar volume of the circulating blood, 
and suggest that the mosquito might thus be of practical value in revealing 
embryos in the blood of those cases of elephantiasis in which filariae, 
though believed to be present, owing to scantiness were seldom found. 
Fiulleborn?* has investigated this subject. By weighing mosquitoes 
before and after feeding, and by estimating the haemoglobin in the latter, 
he was able to calculate the actual amount of blood imbibed. By this 
means he showed that the excess of microfilariae in the stomach of the 
mosquito is explained by the rapid absorption of the blood serum by 
the insect during feeding. Serum is commonly seen exuding from the 
anus of the mosquito directly after, or even during, a meal; thus very 
soon after a feed the abdomen becomes greatly reduced, and any filariae 
it may contain correspondingly concentrated. The mosquito, Filleborn 
concludes, has no selective power, nor could he find that the secretion of 
its salivary glands exerted any chemiotactic influence on the microfilariae. 

Table XIV. a (Appendix) is compiled from the dissection of a number 
of stegomyiae directly after feeding on the blood of a patient whose 
microfilariae had been estimated by frequent observation. The amount 
of blood present in the dissected stomachs was roughly estimated by 
comparison with smears of known quantities of finger blood. 

In this way it was possible to estimate approximately the number of 
microfilariae imbibed by each mosquito. From this series of observations 
I was led to conclude that all filariae imbibed by Stegomyia pseudoscu- 
iellaris proceed to complete development in their intermediary. In 
Appendix XIV. B, figures will be found in support of this point. 
Large numbers of filariae, all at the same stage of development, were 
found in the thorax of these insects; in one instance no fewer than 
thirty-eight large forms were found on the sixteenth day after feeding. 

An attempt was made to transmit two separate broods of filariae 
through the same mosquito (Appendix XIV. c.). On the tenth day 
after feeding on an infected man, the same stegomyiae were re-fed on 
the same patient. Till it was ascertained by the dissection of several of 
these insects that the first brood had all left the proboscis, the mosquitoes 
were fed on guinea-pig’s blood. On the twenty-first day after the first 
feed of blood the filariae of the second brood were all found to have 
entered the proboscis. 

In another experiment designed to ascertain the capacity of the 
mosquito as regards the number of filariae which it could rear successfully, 
no fewer than fifty-four filariae wer2 found—thirty-three of the first and 
twenty-one of the second brood—in a single insect killed on the thirteenth 
day after the first feed of blood—all the filariae of the first brood were 
over 1 mm. in length (vide Pl. XII.). 

These experiments show that S. pseudoscutellaris is an efficient 
intermediary for the Fijian filaria, and that the individual mosquito 
is capable of transmitting several generations of the parasite. 


PLATE XIII. P..H.'Bahr del., 1911. 


Camera lucida drawings to show details in the structure of the developing 
filaria. Figs 1-8 from live specimens ; 8-10 were stained with haematoxylin and are 
highly magnified. : J 

Fig 1. Fifteenth day in Stegomyia pseudoscutellaris ; shows the chyle intestine and 
position of anus. Length 1:26 mm. Breadth ant. -(015 mm.; post. 024 mm. 

Fig 2. Same stage as No. 1. Length -93 mm. Breadth -033 mm. Oesophageal 
bulb -21 mm. from ant. end. 

Fig 8. Long form in head of Stegomyia pseudoscutellaris at the eighteenth day 
of development. Length 1:2 mm. 

Fig. 4. Head of No. 3. 

Fig. 5. Tailend of No. 3, showing two terminal and one postanal papillae. 

Fig. 6. Tail of filaria, fifteenth day of development, magnified to show postanal 
and developing terminal papillae. 

Fig. 7. Tail of filaria developing from microfilaria nocturna, on the twentieth 
day in Stegomyia pseudoscutellaris. Length -99 mm. Breadth -024 mm. Anus 
‘036 mm. from tail. Three terminal and one postanal papillae. 

Fig. 8. Filaria thirteen days in Stegomyia pseudoscutellaris apparently ingesting 
a muscle fibre. Length ‘61 mm. Breadth :027 mm. 

Fig. 9. Arrested and degenerating form of larval filaria in Culex jepsoni, on the 
twelfth day after infection. 


Fig. 10. The same in Culex jepsoni, on the nineteenth day after feeding on 
infected blood. 


All, where not mentioned, are developed from ‘‘ no periodicity ’? microfilariae. 
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Stegomyia fasciata.—Details of dissections of a number of infected 
specimens are given in the Appendix (XIII. c). All the micro- 
filariae evidently entered the thorax, but only in one instance were they 
seen to develop beyond a very early stage, although they could 
be recognized at this stage of development in a lifeless state, as long 
as seventeen days after the infection. In one individual, however, further 
development was observed. In this instance the filariae measured 
‘2-3 mm. in length, and possessed a definite alimentary canal; the 
dissection was made on the twelfth day after the infection. Celloidin 
sections of a number of infected Stegomyia fasciata bear out my statement 
as regards the inefficiency of this species of mosquito. In only one 
insect out of the number examined could a filaria be found showing 
the development of the alimentary canal. In this instance also twelve 
days had elapsed since infection. It is quite possible therefore that very 
occasionally development may proceed in this species; I never found, 
however, filariae in the proboscis. 

Culex jepsoni (Appendix XIII. p.).— A great number of this species 
were bred and fed in captivity. It was ascertained that the microfilariae 
enter the thorax quite normally, but no development beyond the “ sausage ’”’ 
stage takes place. These stumpy forms could be recognized in the 
thorax up to the nineteenth day after feeding (Pl. XIII., Nos. 9 and 10). 
After the last few days no signs of life were seen in any of these arrested 
forms. There is then no evidence that this species is an efficient 
intermediary. 


DEVELOPMENT OF THE FILARIA IN S. PSEUDOSCUTELLARIS AND 
C. FATIGANS. 


The different forms assumed at various stages of development in the 
two species, Stegomyia pseudoscutellaris and Culex fatigans, have been 
studied in detail in fresh dissections in normal saline solution, and in 
celloidin sections of the thorax. 

As regards the actual mode of development, I have little to add to 
what has already been written on the subject *’-2. That there is a variation 
in the rate of development in the different months, and even in the same 
mosquito, is shown in the Appendix (Table XIII. B, and Phots. L., I., and 
IIf.). Even forms in the proboscis vary considerably in length (from 
*9-1'6 mm.). 

After entering the mosquito’s stomach the microfilariae very soon 
cast their sheaths, usually within an hour and a half; this is the rule, 
but I have found sheathed forms in the stomach contents on the second 
day after feeding. Within twenty-four hours the great majority have 
entered the thorax. After two days the filaria begins to broaden out, 
and the posterior V-spot appears as a large vacuole. Soon after the 
anterior V-spot becomes very apparent. Multiplication of the nuclei 
in the interior of the filaria now takes place and it assumes the ‘‘ sausage ” 
form. At this time, in some earlier, in others later, the tail becomes a 
mere stump. Very often it is moved independently, the body of the filaria 
at this stage being apparently incapable of movement. Generally from 
the third to the fifth day masses of cells seem to push forward from the 
anterior V-spot to the anterior end, and form the oesophagus. No 
inversion of the epithelium to form the mouth, so far as I could ascertain, 
takes place. Later a definite perivisceral cavity forms, the cells arrang- 
ing themselves into two layers, one layer lining the body cavity, the 
other constituting the alimentary canal. The posterior V-spot now 
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greatly enlarges and definitely becomes the anus, which remains sub- 
terminal up to the time of full development. At the same time the 
anterior V-spot becomes displaced by the multiplication of nuclei and 
finally disappears. . 

The alimentary canal is now complete. A postanal prolongation of 
the gut (or at least a collection of cells of the same character as those 
constituting the gut) is noticeable in a great many specimens (vide 
Pl. XIII., 5 and 7)—an appearance noted by Ashburn and Craig also. 
There is, however, a vacuolated space often to be seen in the same situa- 
tion (vide Pl. XIII., Figs, 2 and 6). An oesophageal bulb and a con- 
striction giving a distinct valvular appearance, situated about the junction 
of the first and second fourth of the alimentary canal, appear when the 
worm has attained about’5 mm. in length; it may be noted that this dis- 
appears before the filaria enters the proboscis. About this stage the anus 
becomes a mere slit, and in some specimens can be recognized only with 
difficulty. The diagrams (Pl. VI.) I have given represent the develop- 
ment of the alimentary canal and anus. They were prepared from 
camera lucida drawings made at various stages of development. The 
formation of the oesophageal bulb is also shown. Up to the time the 
filaria appears in the proboscis there seems to be a constriction or even 
septum between the intestine proper and the rectum (Pl. XIII., Fig. 7) ; 
apparently there is no communication between them. When the worm 
is about ‘6 mm. in length a considerable space between the body cells 
and the cuticle is often apparent (Pl. XIV., Figs. 1, 2,3, 4, and 5). Probably 
at this time an ecdysis takes place, as has also been described by James." 
The terminal papillae now begin to make their appearance as definite 
outgrowths from the body, and a constriction appears posterior to the 
anus, giving the appearance of a definite “‘ hump ”’ in that region (Pl. XIV. 
Figs. 7 and 8). The terminal papillae are apparently three in number ; 
another can be distinguished somewhat more anteriorly. Annett, Dutton 
and Elliott’? state there are four papillae; Ashburn and Craig" could 
only distinguish three. ‘Their appearance, according as they are viewed, 
differs considerably, and possibly their number is variable (Pl. XIV., 
Figs. 6, 7, 8,9, and 10). The usual arrangement of the extreme caudal 
end of the filaria suggests a large knob with two lateral and smaller 
excrescences. In some instances these lateral excrescences appear to be 
wanting (Pl. XIV., Fig. 6). It is exceedingly difficult to make certain 
about these papillae. The one situated more anteriorly can be made 
out only on careful focussing. The papillae probably function in 
assisting the filaria in progression ; I have watched the filaria adhering 
to the coverglass by this organ. 

As regards absorption and excretion, little evidence could be gained. 
Once, as shown in Pl. XIII., Fig. 8, a large form was seen on dissection 
to be trailing a long shred dangling from its mouth; on staining, this 
shred was seen to be a muscle fibre from. the mosquito’s thorax. Whether 
this appearance of feeding was accidental or not, I am not prepared 
to say. Granules were often observed emerging from the posterior V-spot 
at an early stage and throughout the whole cycle of development. 

In celloidin sections of mosquitoes fed during the hot weather (P1.VII.—X. 
and Phots. 1 and 2) the filariae are seen to lie at first parallel to and 
between the bundles of muscle fibre, but after the eighth day they are 
found coiled up in all sorts of attitudes. After the filariae have left 
the thorax and. entered the proboscis, no spaces between the muscle 
fibres, such as might indicate their orginal resting place, can be made out. 
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é P. H. Bahr del., 1911. 
PLATE XIV. 


Camera lucida drawings from living larval filariae to show appearance of terminal 
papillae when seen from different points of view. Figs. 1-5 show the probable 
ecdysis of cuticle, and development of tail papillae. All were taken from the 
thorax of the same mosquito. 


A = terminal. B = postanal papillae. 
Fig. 1. Length ‘69 mm. < ‘027 mm. breadth. 


29 2. 29 63 me) x 027 29 29 

» Ds 0 66 4, X 027 ,, + 

29 4. 29 "66 29 x 027 9 29 

2 5. ce) 68 oe) x 027 99 OD) 

» 6. In the proboscis; 1:38 mm. xk :018 mm. 

». 7% Developed from microfilaria nocturna, twenty-one days in the thorax 
of Stegomyia pseudoscutellaris. Length 1:23 mm. Breadth :018 mm. 

» 8. Developed from microfilarianocturna. Length 1.38mm. Breadth 018mm. 

» 9. Twenty days in the thorax of Stegomyia pseudoscutellaris. Length 


117mm. Breadth ‘021 mm. 

,, 10. Twenty-one days after mfection in the proboscis of Stegomyia pseudo- 
scutellaris. Length 1°34 mm. length. Breadth -018 mm. 

,, ll. Twenty-one days after ingestion; in the proboscis of Stegomyia pseudo- 
scutellaris. Length 1:53 mm. Breadth -018 mm. 

,, 12. Sixteen days in the thorax of Stegomyia pseudoscutellaris. Length 
84 mm. Breadth -024 mm, . 
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Large forms often mistake their way to the proboscis. Thus I have 
found them in the legs of the mosquito, among the malpighian tubules 
where Low also found them; and actually in the stomach itself. In the 
proboscis forms, apart from the alimentary canal, no evidence of 
generative or other internal organs could be made out with certainty. 

Forms from the proboscis were kept in welled slides in tap water, and 
in normal saline solution, but never lived longer than seven hours. They 
became much more active when the solutions were gently warmed. They 
made no attempt to feed, but swam aimlessly about. The suggestion 
that water may be an alternative route of entrance into the human host, 
is therefore not absolutely without foundation. 


MODE OF ENTRY OF THE FILARIA INTO THE Human Host. 


On several occasions the filaria has been seen to emerge from the 
proboscis through Dutton’s membrane, often two and three at a time 
(vide Phot. 4). That the filariae enter through the pores of the skin 


Microphot , P. H. Bahr. 


PHOTOGRAPH IV. 


, spies ' : 
I'wo filariae emerging from proboscis of Stegomyia pseudoscutellaris. 


there appears to be little doubt. By ingeniously devised experiments 
Fiilleborn ** has shown this in the case with Filaria immitis. In his series 
of excellent microphotographs the filariae are all seen entering the skin 
much in the same way as the ankylostoma larva enters it. In some of 
my experiments infected stegomyiae were allowed to feed on certain 
areas of a native’s hand at intervals during a period of three days, before 
the hand was amputated for extensive ulceration. These areas were 
marked and afterwards sectioned. In the 2,000 sections examined 
i) found only one structure which could be regarded as being of filarial 
origin, probably part of the cuticle of a filaria (Pl. XV.). A similar 
*xperiment was attempted with a guinea-pig, a small area of whose 
back had been shaved, but the sections of skin were not a success, 
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More convincing experiments, however, were afterwards made on a 
person who volunteered for this purpose. An area on the back of the hand 
was shaved and ringed with blue pencil. Large larval filariae obtained 
from the mosquito by dissection in normal saline (sixteenth day of 
development) were removed from the slide on the point of a fine needle. 
They could be seen wriggling about on the needle quite distinctly 
with the naked eye; L watched them for a time with a hand lens 
enlarging thirty diameters. When placed on the skin, after a few 
convulsive movements, they suddenly disappeared, apparently through 
the orifices of the gland ducts. Six filariae from the thorax and 
two from the proboscis of different mosquitoes were employed in this 
manner, and all disappeared with the same lightning-like rapidity. One 
of the filariae, injured in removing it from the slide, could be distinctly 


P. H. Bahr ded., 1911. 


PLATE XV. 


Section through human skin removed after being bitten by infected Stegomyiae. 
The stratum corneum has been separated in sectioning; below it is a cylindrical 
body, resembling a tube, of the same size and shape as a filaria. This tube is 
doubled up and lying on the stratum malpighii. There are numbers of nuclei in 
the little structure. It may possibly represent the cuticle of the filaria which has 
undergone an ecdysis before entering the deeper layers of the skin.—Camera Lucida. 


seen lying on the surface of the skin. That it could be so clearly seen 
when dead is in favour of my view that the others all entered the human 
host, and in accordance with their normal habit. That the filariae enter 
the human host by boring their own way through the skin, and not by 
the puncture made by the mosquito, is obvious when one considers the 
mosquito in the act of feeding. Plate XVI. shows a stegomyia drawn 
in the act. The labium is bent almost double, the stilettes emerging 
from under the cover of the labium enter the skin, completely plugging 
the hole they have made. The filariae, therefore, cannot possibly 
enter by this route. : 
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III. (b)—The Fijian microfilaria is morphologically identical with 
Microfilaria bancrofti. 


I think, from its general characters, and especially from its lack of 
periodicity, that in Fiji J was dealing with the microfilaria described 
by Ashburn and Craig'® under the name Filaria philippinensis. Although, 
apart from the absence of periodicity, I failed to discriminate the larva 
from that of Filaria bancrofti, these observers make the following as 
points of distinction, and on these base their claim for its being a new 
species. They assert that this microfilaria lacks periodicity ; secondly, 
that the sheath is tightly applied to the body so that the larva cannot 
move up or down in the sheath ; thirdly, that it is slightly narrower than 
microfilaria bancrofti; fourthly, that it is capable “ at times” of pro- 
gressive movement; fifthly, that the posterior V-spot is marked by a 


P. H. Bahr del., 1910. 


PUA TER OVAL 


Stegomyia pseudoscutellaris in act of feeding, showing stilettes entering the skin 
between the labellae of the buckled-up labium.—Drawn from life. 


papilla from which gas and fluid containing granules may be seen to 
escape ; and sixthly, that the sheath ends in a thread-like extremity 
quite as delicate as the flagellum of a trypanosome. As pointed out by 
Low, even if they do obtain, these are very minor differences. and do not 
justify the creation of a new species ; certainly as regards the Fijian 
jh rea Raa obtain. I examined a great many microfilariae in 
Vj1, ann reconcile, in every respect, my findings with those of 
Ashburn and Craig. I examined them alive in fresh blood, in dried and 
fixed blood, in normal saline, in citrate solution, in hydrocele fluid, and 
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stained in a variety of ways, but failed to make out any differences from 
microfilaria bancrofti, whether as regards the sheath or in other respects. 
I have compared, under separate microscopes, the Fijian microfilaria 
with microfilariae obtained from undoubted Filaria bancrofti infection 
(wide Appendix XI., Charts XV. and XVIII.), but have been unable to 
recognise any differences, whether in their movements or in their 
morphological characters. As regards the tightness of the sheath 
mentioned by Ashburn and Craig, no difference between the two kinds 
of microfilariae could be observed in the amount and character of the 
movements within the sheath. 

The flagellar-like termination which these authors describe is, | must 
admit, very deceptive. In watching the microfilariae in a wet blood film, 
the movement of the red blood corpuscles in the wake of the worm gives 
one the impression of its being caused by the action of a terminal flagellum ; 
but the simulated flagellum is in reality only the collapsed and empty 
posterior portion of the sheath. - They mention a small papilla; this 
certainly, in some instances, can be made out in the position of the 
posterior V-spot, but I have never seen the granular material exuding 
therefrom which they claim to have observed. 

Measurements.—In the Appendix (Table XV.) are given the measure- 
ments of a number of microfilariae from Fijian blood. They were made 
from blood films in which the microfilariae were beginning to be sluggish ; 
also from filariae in normal saline, in citrate solution, and in hydrocele 
fluid. Noessential difference could be made out as between these measuze- 
ments and those for microfilaria bancrofti, whether obtained by myself 
or given by other workers. 

Anterior end.—As regards the cephalic apparatus, I was not able to 
arrive at a clear conception of its peculiar features, nor was I able to 
further elucidate the modus operandi of its various parts. The finer 
details are so delicate, and the movements so rapid, that the lability 
to optical delusion is great. I was, however, able to confirm the presence 
of a fang, or at least the appearance of such an organ. It is protruded 
and retracted with such lightning-like rapidity as to be almost invisible ; 
I failed to stain it. In many examples in wet blood films microfilariae 
were seen adhering as it were to the coverglass by the collapsed anterior 
portion of the sheath ; they seemed to be held captive in this way, and were 
making frantic efforts to get free. The posterior part of the sheath is 
also very adhesive, and in virtue of this property of the sheath the 
worms were able to locomote slightly, hitching themselves forwards or 
backwards as the case might be. At the anterior extremity, and apparently 
at the spot whence the fang is protruded, I could make out a bright 
pyramidal spot, but as to the connection and function of this feature I 
am unable to conjecture. The prepuce I could ascertain to be serrated, 
and | thought six-lipped, but on this point also it was impossible to be 
certain. The striation of the body of the microfilaria appeared to me to 
begin at about 6 » from the anterior end. 

The anterior V-spot I found to conform with Rodenwaldt’s?® description, 
that is, it is oval in form when viewed sideways, with a minute opening 
directed outwards; I was unable to recognize the genital and excretory 
cells which he describes and figures. 

In certain specimens, and after a great many failures, I succeeded in 
staining the “central viscus”’ with dilute Giemsa (Pl. XVII.). Only a pro- 
portion of the microfilariae on any given slide could be stained so as 
to show this feature, In the posterior half of the worm, and terminating 
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in a globular swelling, runs a red-staining “ granular mass *’ (Manson), 
the ‘“Innenkirper” of Fiilleborn** occupying the space termed the 
central viscus. By staining in vivo with dilute neutral red solution, and 
then decolorizing by means of strong electric light, Fiilleborn has been 
able to demonstrate this body in microfilaria bancrofti, microfilaria 
perstans, and in microfilaria loa. He gives excellent microphotographs 
of the body in the two latter microfilariae. He considers it to be a mass 
of reserve material; not glycogen, as it does not give the reactions of 
that substance. I have been able to demonstrate this body in micro- 
filaria bancrofti, and also in microfilariae just as they were emerging 
from the parental vulva. In “ vital” staining by Fulleborn’s method 
I did not have much success, although in hydrocele fluid (tinted with 
dilute neutral red) this mass stood out as a highly refractile spiral line, 
contrasting strongly with the surrounding nuclei. It appeared to end in 
a bulbous extremity. By staining with Leishman and eosin azur II., 
numbers of bright red staining granules occupying the central viscus were 
made out. In Samoa, Leber and V. Prowazek*® have demonstrated 
lately this same viscus in the non-periodic microfilaria of that group of 
islands. They believe the filaria found there to be the same species as 
that described by Ashburn and Craig. 

Microfilariae which from some cause had lost their sheaths were studied 
in “ ringed ” blood slides and in hydrocele fluid in which many examples 
had lost their sheaths. Those in blood slides kept on ice were, after 
twenty-four to thirty-six hours, found to be sheathless, especially those 
filariae lying near the edge of the specimen. The sheathless form measured 
about 270 « by 6 ». No special cephalic armature could be made 
out in them; the fang was certainly not apparent. In one or two 
specimens I saw granular excrescences at the head end, and was at a 
loss to know whether they were the result of degenerative changes, such 
as are extremely common in unsheathed forms. 


III. (b)—The parental form of the Fijian microfilaria is, so far as 
can be ascertained, identical with Filaria bancroftt. 


A Note oN THE ApuLtT FInARIAE Founp By Dr. P. H. Baur ww Furans. 


By R. T. Lerrer, M.B., D.Sc. (Helminthologist, London School of 
Tropical Medicine). 


On his return from Fiji, Dr. P. H. Bahr sent to the Helminthological 
Department of the London School of Tropical Medicine, for confirmatory 
diagnosis, a number of adult filariae obtained at operations and post- 
mortems on natives of Fiji. 

The following information, which accompanied the specimens, will 
enable the reader to identify the individual specimens with the particular 
cases from which they were derived, when these are mentioned in other 
parts of the Report. Reference may also be made thus for details regard- 


maa habitat and bionomics of the worms, and the character and 
Incidence of the embryo filariae in the blood. 
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PLATE XVII. 


The non-periodic microfilaria stained by dilute 
Giemsa for half an hour, showing ‘“‘ central cell mass ” 
of Manson or “Innenkérper” of Fiilleborn. 


Camera lucida drawing x 1,200 diameters. 
(N.B.—The sheath is not stained in this specimen. ) 
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Length. 


$Filaria adult 
(Sect. IT., Table a) 


? Filaria adult 
(Sect. II., Table nb) 


g Filaria adult 
(Sect. II., Table B) 


2 Filaria ?immature 42 mm. 


(Sect. II., Table p) 
® Filaria 
(Sect. II., Table £) 


® Filaria 
(Sect. II., Table G) 


® Filaria containing 
live microfilariae 


? Filaria adult 
(Sect. IT., Table a) 


Filaria 


2 Filaria immature 


( g Filaria 


65 mm. 
(Sect. IT., Table c) 

6 Filaria 28 mm. 
(Sect. II., Table p) 

and Q 
(Sect. II., Table #) 

? Filaria 2 50 mm. 
(Sect. I., Table F) 

g Filaria g 25 mm. 
(Sect. II., Table c) 


29 mm. 


55 mm. 


o> mot, 


31 mm. 


50 mm. 


65 mm. 


Breadth. 


0:1296 mm, 
0:2226 mm. 


0°129 mm. 
0:1824 mm. 


0°:135 mm, 


0°128 mm. 


0-177 mm. 


0:206 mm, 
0:09 mm. 
0.153 mm. 


0°15 mm. 


In epitrochlear lymph- 
atic gland. 

Preserved in 70% 
alcohol. 


Found coiled up with 


Preserved in 
aleohol, 

In epitrochlear gland. 

Preserved in 70% 
aleohol: 

No. microfilariae in 
uterus. 

In epitrochlear gland. 
No embryos in 
uterus. 

On slide in glycerine 
jelly. 

In pedunculated groin 
gland. 

On slide in 
balsam. 

In femoral gland. 

On slide in canada 
balsam. 

Inepitrochlear abscess. 

On slide in canada 
balsam. 

Fragment; on slide in 
glycerine jelly. 


10% 


canada 


In epitrochlear gland, 

On slide in canada 
balsam, 

Found coiled up to- 
gether in epitrochlear 
gland. 

On slide in 
balsam, 

In enlarged 
glands. 

Preserved in 
alcohol. 


canada 
groin 


LOY 


| In femoral glands. 


0:09 mm. | ope in formalin. 


TotTaL; 16 worms, five males and eleven females, from 6 cases. 


N.B.—The tables referred to above will be found in Section II. of the Report. 
Readers wishing to refer to this will find further information there, one table being 
allotted to female, the other to male filariae. 


Of -these, 5 to 10 inclusive were mounted on microscopical slides ; 


the others were preserved, as stated, either in 70 per cent. alcohol or in 


formalin. 


were undamaged. 

The presence of the parasites in the lymphatic system, their association 
with well-known lesions, and their size and general appearance, suggest 
at once, of course, that the worms belong to the species Filaria bancrofti, 


With the exception of measurements, no details were obtain- 


able from Nos. 6, 7, 8, 9, 10 and ? of 11. The remaining specimens 
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or to a very closely allied form. The Filaria bancrofti and the pathological 
lesions commonly associated with it have been recorded from almost 
every country within the tropics of Cancer and Capricorn. On the one 
hand these records differ in some cases so distinctly from others as to have 
suggested to a number of writers that probably several species exist 
having more or less the same habitat and pathological associations as 
F. bancrofti, but differing in minute structure of adult and embryo, in 
geographical distribution and intermediary host. Thus we have the 
Filaria sanguinis hominis, Lewis, of India and China, the Filaria sangums 
hominis aegyptiaca, Sonsino, of Egypt, and the Filaria wuchereri, da Silva, 
of Brazil. These are at the present time grouped under the name Filaria 
bancrofti, which belongs primarily to the variety which obtains in 
Australia. The embryo, Filaria powelli, from Bombay, possibly comes 
under the same heading. In Japan Filaria taniguchiw has been described 
as a different form. In the Philippines an embryo has acquired local 
distinction under the distressing nomenclature “ Microfilaria ”’ philippin- 
ensis, and in British Guiana an adult as the parent of Filaria ozzardt. 
On the other hand a good deal of confusion has arisen through the 
description and illustration under the name of Filaria bancroftc of an 
obviously different species now known as Filaria magalhesi. 

In the course of the present investigation a comparison has been made 
between the specimens received from Fiji and (A) Cobbold’s original 
type, a female collected by Bancroft in Australia; (B) male and female 
specimens, in the London School of Tropical Medicine, derived from India ; 
and (c) male and female specimens collected in British Guiana by Dr. 
Minett. The conclusion arrived at is, that these particular specimens 
at all events certainly belong to one and the same species, viz. Filaria 
bancrofti, Cobbold, 1877. 

The identity of species is based upon the following characters: (A) the 
size and general similarity of the body; (B) the knob-like head bearing 
two series of tiny papillae; (c) the slight thickening of the cuticle lining 
the mouth ; (D) the size and shape of the oesophagus; (£) the outline of 
tail in male and female ; (F) the presence of exceedingly delicate, closely 
set, but regular, transverse lines in the cuticle, which vary considerably 
in distinctness. In the male (which is absent in the type) : (a) the details 
of structure of the two dissimilar spicules ; (H) the presence of a cup-like 
chitinous “ accessory piece”’; (1) the number and general arrangement 
of the papillae, which are small; (s) the corrugations of the 
pre-anal cuticle with its alternating striped and smooth bands; (Kk) the 
very rare peculiarity of having more than four pairs of papillae pre-anal ; 
(L) the simple testicular tube which reaches forwards uncoiled to within 
a short distance of the posterior end of the oesophagus ; (Mm) the snowdrop- 
like termination of the testicular tube. 

In the female: (N) the position of the vulva; (0) the curious pyriform 
enlargement at the terminal end of the vagina; (Pp) the long muscular 
vaginal tube; (Q) the position of the anus; (R) and the relative position 
of the intestino-oesophageal inosculation and the vaginal orifice ; (Ss) the 
absence of lateral papillae at the tip of the tail. While certain of the above 
characters might be held very properly to characterize a separate genus 
of ilariinae, to which the various alleged species might belong, the 
minuter details given, such as those concerning the velationships of various 


orifices and organs, could scarcely be regarded as of other than specific 
significance. 
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III. (b)—Both nematodes live in the same tissues and are associated 
with the same diseases. 


Filaria bancrofti has been found many times, and always in association 
with the lymphatic system, by other investigators. In the course of 
this inquiry, live adult filariae, as already related, were found six times 
in Fijians, and always in association with lymphatic glands, whether 
procured by surgical operations or in post-mortem examinations. Dead 
and calcified filariae were found a great number of times, usually in 
association with lymphatic tissues, but also in other organs, as detailed 
in the following list :— 

Lymphatic glands: (1) inguinal, both sets; (2) iliac glands; 
(3) lumbar; (4) mesenteric ; (5) bronchial; (6) superficial cervical ; 
(7) epitrochlear (five times). 

Organs: (1) testis (once); (2) epididymis (four times) ; (3) spermatic 
cord (once) ; (4) tunica vaginalis (hydrocele sac wall) three times. 
From Appendix VI., B and c. in which the forms of filarial disease met 
with are tabulated and their order of frequency given, it will be seen 
that it is just those organs in which the adult filariae are most frequently 
found, viz. the lymphatic glands, that are most frequently the seat of 
filarial disease in Fiji. 


III. (b)—Szegomyia pseudoscutellaris is an efficient intermediary 
host for F2/arza bancroftz. 


By placing cages containing these mosquitoes in a strong light, they 
were induced to feed at night on the blood of a Solomon Islander 
(Appendix XI., Chart 18) with microfilaria bancrofti showing well- 
ma‘ked nocturnal periodicity. The infection was not a large one, and 
the mosquitoes did not feed at all readily. Nevertheless, I was able 
to study the development of this filaria in those laboratory-fed stegomyiae, 
and on three separate occasions to determine the efficiency of this insect 
as a host for that microfilaria. All stages were exactly similar to those 
observed in my experiments with the Fijian variety, and the ingested 
filariae developed, both as regards numbers and rapidity, in the same 
remarkable way. In one stegomyia no fewer than five filariae were 
found in the proboscis on the twenty-first day. The development of 
microfilaria bancrofti in Culex fatigans was not attempted. 


III. (b)—As regards adaptation to intermediary hosts, there is 
a corresponding capacity. 


This subject has been dealt with under TIL. 1 (b) and III. 2 (d). 


IV. Assuming that the Fijian filaria is F2larza bancroft:, it may 
be that the absence of periodicity in the former is a partial 
adaptation to, and impressed on it by, the habits of its usual 
intermediary host in Fiji, Stegomyza pseudoscutellaris, a mosquito 
which feeds by day only. 


In one case of elephantiasis scroti with enlarged epitrochlear and groin glands, the 
submaxillary glands also were enlarged. 
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V. (a)—If a native of India or of the Solomon Islands comes to 
reside in Fiji, his microfilariae retain, at least for a time, their 
habit of nocturnal periodicity. 


V. (b) When a stranger acquires a filarial infection in Fiji, the 
corresponding microfilariae exhibit no such periodicity, but 
in this respect comport themselves in the same way as the 
microfilariae of the native Fijian. 


The nocturnal appearance of microfilaria bancrofti in the peripheral 
blood-stream can be regarded as a remarkable natural adaptation of the 
parasite to the habits of its favourite intermediary host. The night- 
biting Culea fatigans has been shown, in most countries where this filaria 
occurs, to be the selective host. In Fiji, however, my experiments 
tended to show the day-biting species Stegomyia pseudoscutellaris to be 
the selective host in preference to Culex fatigans. Should the nocturnal 
periodicity of the one microfilaria be regarded as an adaptation to the 
habits of its intermediary host, then the lack of periodicity of the other 
microfilaria can possibly be explained in a similar manner. 

In the large number of Indians and Solomon Islanders examined by 
me in Fiji, only in those who had been resident in the islands under 
a period of two years were microfilariae having a nocturnal periodicity 
met with (Appendix XI., B and C); whereas in those who had resided 
there for over that length of time, only microfilariae without periodicity 
were encountered. I had the opportunity of frequently examining, over 
a period of three months, the blood of a recently arrived filariated Solomon 
Islander ; on no occasion were microfilariae found in his peripheral blood 
after 10 a.m. (Appendix XI., Chart XVITI.). 

In 120 East Indian indentured coolies microfilaria bancrofti (filaria 
nocturna) was found in five (Appendix XI. 8), all of them resident in 
Fiji under three years. It is true that one gave his term of residence 
as nine years, but as he was a Madrasee, and as no reliable interpreter 
could be procured, there is some doubt about his statement. 

Of the 120 East Indian coolies, seven harboured microfilariae observing 
no periodicity. These seven coolies had been resident in Fiji for periods 
ranging from four to thirty years. 

It may be well again to point out, in explanation of the relative rarity 
of filarial infection in Indians in Fiji as compared to the native Fijians, 
that the two races never intermarry and rarely intermingle. I was told 
that there was only one family of mixed Indian and Fijian blood in the 
islands. The two races dwell apart in separate villages, and there is no 
communication between them. Consequently the Indians are little 
exposed to infection from the Fijians. There is only one instance of an 
Indian acquiring elephantiasis of the leg in Fiji; he had lived in a Fijian 
village on the island of Taveuni for eight years. The comparative 
rarity of the nocturnal filaria among the indentured Indian coolies may be 
partly explained by the careful elimination of all infirm and diseased 
coolies, and consequently all showing signs of filariasis, elephan iasis 
and enlarged glands, both at the port of shipment in India and at the 
port of arrival in Fiji. 

I was given to understand that filarial disease is rare in the Solomon 


Islands. : found, however, six cases of F. bancrofti infection amongst 
new arrivals w ere rexey ical j ic 
1ew arrivals who were undergoing medical inspection. 
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In seven Solomon Islanders who had resided in Fiji from ten to thirty 
years I found microfilariae observing no periodicity (Appendix XI. c). 

A considerable number of Europeans, scattered about the islands 
in isolated spots, were found to have filariasis. Thus in Loma Loma, 
a town on Vanua Balavu, in the Eastern or Lau group, out of nine 
Europeans examined, four had microfilariae and one lymphangitis and 
orchitis, but no microfilariae. In every instance in which microfilariae 
were found in a European, they were of the non-periodic type 
(Appendix XI. pb). 


FILARIAL PERIODICITY. 


The subject of filarial periodicity is as complex as it is interesting. 
There is nothing I regret more in connection with my work in Fiji than 
that I have been unable to throw any light on this interesting 
phenomenon. So far from throwing light on it, by confirming Thorpe and 
others in their statements as regards the absence of periodicity in the 
Fijian microfilaria, and by providing Dr. Leiper with parent worms which 
he pronounces to be identical with Filaria bancrofti, which elsewhere pro- 
duces a microfilaria with nocturnal habits, if anything, I have added to 
the complexity. In attempting to explain the object and mechanism, so to 
speak, of filarial periodicity, we have to bear in mind that the phenomenon 
is exhibited by two species of microfilariae, which, though practically 
identical as regards size, shape, anatomical features and movement, 
exhibit exactly opposite periodicities, and that a third with exactly the 
same size, shape, anatomical features and movement, and having the 
same parent as the nocturnal microfilaria exhibits no periodicity what- 
ever. And, further, that in not a few instances of genuine nocturnal 
microfilaria infection, as recorded by Manson,** Low,” Calvert,” 
Primrose,”> and others, an occasional microfilaria can be found in the 
peripheral blood during the day. 

Thus such speculation as that which attributes the periodicity of the 
microfilariae to the dilatation of the peripheral®* capillaries occurring 
during sleep must be dismissed as untenable. For why should the 
diurnal filaria be unaffected by this surface congestion, and why should 
the Fijian microfilaria be equally indifferent to it ? 

The same objection applies to the hypothesis investigated and upset 
by Manson and Whyte” that light and darkness had something to do with 
the periodicity of microfilaria bancrofti, a hypothesis afterwards so 
convincingly upset by Stephen Mackenzie’s** experiments showing the 
inverting effect of change of the habits of the host as regards the times of 
sleeping and waking. 

Then, again, and for the same reasons, Whyte’s® hypothesis that 
periodicity depends on the oxygen supply, is equally untenable. In a 
post-mortem of a West Indian with microfilariae, who died suddenly at 
eight in the morning, a time when the microfilariae had left the peripheral 
circulation, Manson? found the microfilariae in vast numbers in the 
thoracic viscera, more particularly the lungs, and Low,?? made a similar 
observation in a negro of St. Kitts. Fiilleborn?’ had a similar experience 
in a Chinese who died of beri-beri. 

In discussing this question of periodicity, too much must not be made 
of the presence of large numbers of microfilariae in the lungs, for even 
in the case of microfilariae observing no periodicity, these organs are 
generally crowded with the larvae in numbers greatly in excess of what 
is found in the general circulation. Thus, in Uganda, Low** found 
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microfilaria perstans most often in the lungs, and Fulleborn** has ee 
that microfilaria immitis of the dog is far more abundant in ae an 

heart blood ‘than in the peripheral circulation. In a dog dissected by me, 
and which had died of Filaria immitis infection, the microfilariae were 
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PLATES VILE 


Microscopical section of an adult female fil 
greatly thickened walls, in the substance of 
filariae lying in the lymph and the fibrosis 


aria lying in a lymphatie space with 
a lymphatic gland. Note the micro- 
of the gland tissue.—Camera lucida. 


In the case from which this specimen was taken, microfilariae were present in 
the blood, but observed no periodicity. 
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more abundant in the internal organs (and in the order stated, viz. 
liver, heart, lung, kidney and spleen) than in the peripheral blood. 
I found some in the kidneys, where Rodenwaldt®® says they are finally 
disposed of when effete. 

In one observation the non-periodic microfilaria of Fiji observing 
no periodicity was found post-mortem in greatest numbers in the lungs. 
The man was a Solomon Islander who died suddenly at eight o’clock 
inthe morning. He had been ten years in Fiji, and it had been ascertained 
during life that he had great numbers of microfilariae in his blood. ‘The 
details of the post-mortem examination are given in Appendix XVI. 
Parts of a male and of a female adult filaria were found in sections of 
enlarged inguinal glands from the left groin (Pl. XVIII. and XIX.). 
The bronchial and lumbar glands were also enlarged, but in these no 
adults were found. The greatest number of microfilariae were found in 
smears and in sections made from the lungs. The order in the various 
organs was as follows : Lungs, internal jugular vein, liver, spleen, testis ; 
none were discovered in sections of the kidney. 

Rodenwaldt®® considers that periodicity depends on blood pressure, 
and is devising apparatus wherewith to test his hypothesis. Fiilleborn?* 
failed to demonstrate that the rate of the blood-flow had any influence 
on the behaviour of microfilariae. Strange to say, I failed to find a 
single microfilaria in placental blood from a heavily-infected woman. 
It is hardly necessary to say that the blood of newly-born infants of 
two filariated mothers gave negative results. 

It is evident that a great deal more work has yet to be expended on 
this question of filarial periodicity before a satisfactory solution can be 
arrived at. 


VI. The principal pathological expression of filarial infection is 
the same in Fiji as elsewhere, viz. elephantiasis. 


Elephantiasis is a common disease throughout the group; in certain 
localities it is extremely frequent. The rate for the total population 
examined was 3°56 per cent. Males were found to be more frequently 
affected than females; the rate for the former being 4°8 per cent. and for 
females about a third of that, viz. 1°5 per cent. 

Appendix X VII. shows that the incidence of filariasis is very unequally 
distributed in the different islands of the group; and that wherever 
the microfilaria rate is a high one, that of filarial disease and of elephantiasis 
is also high, just as Low and Daniels have shown for the West Indies*! 
and Demerara. Thus in the town of Levuka, the capital of Lakemba 
island, of the males over twenty years of age examined, 44°] per cent. 
had microfilariae, 85°6 per cent. were affected with signs of some filarial 
disease, and 22°2 per cent. had elephantiasis. On the other hand, by 
contrasting these figures with others in the same table it will be seen 
that wherever the microfilaria rate is low, there the elephantiasis rate 
is low also. 

I may mention here that in Fiji, elephantiasis (Appendix XVII.) and 
its associated diseases are coast diseases. From my own observation, 
and I am confirmed in this by others, I feel justified in stating that 
elephantiasis is rare in the inland districts and away from the mangrove 
swamps. ‘This exactly conforms with what I observed on the distribution 
of Stegomyia pseudoscutellaris. These mosquitoes were encountered in 
the greatest number in the island of Lakemba, and there it was that the 
greatest percentage of elephantiasis was found. The towns there are 
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PLATE. XTX 


To show details of structure of female filaria from groin gland on section, 
specimen as Plate XVIII. but enlarged.—Camera lucida. 


1, Cuticle. 4. Alimentary canal. 
2. Muscle cells of body wall. 5. Interuterine septum. 
3. Perivisceral spaces. 6. Coiled: embryos. 
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situated in the midst of mangrove swamps, the favourite haunt of 
S. pcoeudoscutellaris. In fact these mosquitoes were far more commonly 
met with in the Eastern part of the group, admittedly the stronghold 
of elephantiasis in Fiji, than in the large island of Vitilevu, where 
elephantiasis is rare. 


VII. & VIII. The lower extremities and scrotum are the parts of 
the body most frequently affected. 


A very small experience in the filarial disease of Fiji suffices to convince 
the observer of this, but it appears to me that in comparison with natives 
of China, India and the West Indies, the natives of Fiji, and probably of 
other South Pacific islands, are far more liable to elephantiasis of the 
upper extremities. Thus in forty-seven cases of elephantiasis encountered 
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PLATE-X xX 


Tracings from photographs showing enlargement of epitrochlear glands. 


1. Enlarged epitrochlear in a Fijian female aged 25. There were numerous scars 
of abscesses. Numbers of microfilariae were found in the blood. 

2. Enlarged epitrochlear gland in Fijian male, aged 26. There were no micro- 
filariae in the blood. 

3. Hlephantiasis of both arms in a Tongan female, aged 50. The epitrochlear 
glands on both sides were enlarged, but there were no microfilariae in the blood. 
(Note abscess scars over the internal condyle). 

4, Elephantiasis of the arm of a curious shape with a well-marked constriction at 
the wrist, in a Tongan female, aged 55. There was enlargement of the epitrochlear 
.glands,.but no microfilariae in the blood. 
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in native Fijians, the legs and scrotum were affected in twenty-four ; 
the arms alone in ten; arms and legs in six , both arms, legs and scrotum 
in five; arms and scrotum in one ; breast in one. Thornhill® PUP ati 
clephantiasis of the arms as occurring, though rarely, in Ceylon. n the 
Pacific (Society Islands) Tribondeau* mentions elephantiasis of the ane 
as occurring in fourteen out of sixty-three cases. This condition I founc 
to be much commoner in females than in the male population in Fiji. 
Out of eight cases of elephantiasis amongst the former, five, or about 
three-fourths, had elephantiasis of the arm, as against a third amongst 
the male cases. 


Phot. P. H. Bahr. 


PHOTOGRAPH V. 


Elephantiasis of both arms, showing lymphatic swellings above internal condyle. 


Manson states that in China, in 95 per cent. of all cases of elephantiasis, 
the lower extremities alone are affected.® Low** in the West Indies, 
and Daniels'* in Demerara, found the same thing. Similar figures have 
been given for India. 

Several of the cases of elephantiasis of the arm that came under 
observation had curious baggy swellings above the condyles, which, when 
aspirated, yielded abundant lymph (vide Phot. V.). Often there were 
marks of abscesses situated above the internal condyle (vide Pl. XX.). 
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Enlarged epitrochlear glands, which are very common amongst the 
Hijiane (Pl. XX. | and 2), and form prominent and noticeable tumours, 
were not infrequently, although not generally (vide Appendix XVIIL.), 
met with in cases of elephantiasis of the forearm. Varicosity of the 
epitrochlear glands (analogous to varicose groin glands) was observed 
in a young man without any signs whatever of elephantiasis in arms 
and legs. A photograph is given (No. VI.) showing enlargement of the 
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PHOTOGRAPH VI. 


Elephantiasis of arm and disorganization of wrist joint. Microfilariae present 
in blood. (Left leg was also affected). 


epitrochlear gland and a lymphatic swelling situated over the external 
condyle in elephantiasis of the right arm ; in this case the left leg was 
also affected, and in addition to this there was contraction of the fingers 
and complete disorganisation of the wrist joint. 

It would be interesting to know whether this seeming peculiarity in 
the Fijian, and probably other South Pacific islanders, as regards the 
regions of the body attacked by elephantiasis, bears any relation to the 
habits of the people or to the seat of filarial invasion. At night-time 
the Fijian is in the habit of lying with his body uncovered. Nowadays 
nearly all of them have mosquito nets which, I may mention, are not in 
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every instance mosquito-proof. The mosquito net, however perfect, 
would not protect them during the day-time—the time when S. pseudo- 
scutellaris is abroad. Both sexes are in the habit of working in the 
day time, and with bare arms. The women commonly wear print blouses, 
fastened at the elbow, the men singlets, not reaching above the shoulders. 
The women remain, to a great extent, in their houses, especially so in 
the Eastern group, where there is an admixture of Tongan blood ; while 
the men, in a half-naked condition, work in their dalo and yam patches, 
where they are much more liable to attacks from S. pseudoscutellaris, 
which is by preference a bush rather than a domestic mosquito (vide 
under heading XXVII.). 


Phot. P. H. Bahr. 


PHOTOGRAPH VII. 


Pedunculated groin glands in a Fijian with double hydroceles. These glands 
(vide Pl. II.), containing adult g and ® filariae, were removed at operation. 


No microfilariae were found in the blood. There were also masses of enlarged 
glands in right groin. 


IX. & X. On the other hand they are less liable to chyluria, lymph 
scrotum, varicose groin glands and other forms of lymphatic 
varix depending on filarial obstruction. of the thoracic duct 
above the points of entrance of the chyle vessels. | 
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The explanation of these possible peculiarities in the Fijian disease 
is not apparent. 


Chyluria.—I did not meet with a single case of this affection. Finucane’ 
alludes to its rarity in Fiji. I found the records of only two cases in the 
archives of the Colonial Hospital at Suva relating to the last seven years. 
Dr. B. Glanvill Corney, I.8.0., for twenty-seven years a medical officer in 
Fiji, and for many years C.M.O., wrote me that in all his experience he 
remembers only one case of a Fijian with chyluria; in this case the 
chyluria was associated with lymph scrotum. The patient had resided, 
previously to coming back to Suva, his native place, in Rotumah (a 
dependency of Fiji) for twelve or thirteen years. Brochard’ mentions 
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PHOTOGRAPH VIII. 


Masses of enlarged glands in right groin; no microfilariae found in the blood. 


chyluria as being rare in the Wallis Islanders. Scheube,‘* remarking on 
this fact, noted that haematochyluria is said to be the commonest 
manifestation of filariasis in Egypt, where elephantiasis is comparatively 
rare. In the island of Savaii, Samoa,®*> Leber and Prowazek only saw 
one case of chyluria. 

Lymph scrotum.—I did not see a single case answering to the published 
descriptions. 


E 
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‘cose groin glands.—Only one reducible lymphatic varix situated 
in ie saiceiy He with in Fijian. The mass was soft and cae 
and no puncture yielded abundant lymph. It contained several small, 
hard lymphatic glands. With this exception, in all the rest of the cases 
described as varicose glands, and met with by me in Fiji, the lymphatic 
masses were composed of cee Si and ae pene eae gee 

three inches in length, from which on puncture on 
es of lymph could Le aamrnted and that with difficulty (Phots. VI. 
and VIII.). Although the varicose type is rare, those indurated lymphatic 
masses are extremely common amongst the Fijians, as shown in 
statistical tables (Appendix VI., B and c). A number of these glands 
were excised at operation or post-mortem, and in nearly every case live 
or dead filariae were found in them, as will be presently described. 
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PLATES XX: 


Camera lucida drawing of calcifying filaria. Breadth, ‘178 mm. _ Removed from 
cyst in a brachial lymphatic, six weeks after an attack of lymphangitis. 


XI, XI. & XIII. In many cases adult filariae occur in large numbers 
in the tissues, especially in lymphatic glands and vessels, but 
also in other organs such as the epididymis, testis and tunica 
vaginalis. 


In the latter circumstance may lie a contributary cause of the 
infecundity of the Fijian. 
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In the situations mentioned the adult filariae may die and may 
become cretified. 


Under ITI. (2) ©, a list has been given of the situations in which adult 
filariae, or their calcified remains, have been found. The fact that on the 
death of the parental filaria calcification may occur, just as with Filaria 
medinensis and with Filaria loa (figured by Fulleborn),*4 was _ first 
described by Wise,?* who found post-mortem in the pelvis of the kidney 
and in the testes certain small, yellow bodies having the distinctive 
shape and structure of a filaria. 

Although at the time ignorant of Wise’s discovery, I had no difficulty 
in finding similar bodies in almost every example of pathologically 
enlarged lymphatic tissue examined by me in Fiji. 

Calcification proceeds by the laying down of lamellar plates of calcium 

carbonate in the interior of the worm. Microphotograph [X., of the 
anterior part of a female found lying in an enlarged epitrochlear gland, 
shows this. In a complete and lately defunct specimen (Pl. XXVI.), 
found in the,same gland, the process had just commenced. A later stage 
was observed in a specimen (Pl. XXI. and Microphot. X.) taken 
from a dilated and thickened lymphatic vessel in the arm. The almost 
perfect state of preservation of this calcified worm is remarkable. Not 
only is the cuticle preserved, but also the details of the alimentary canal 
and uterus, and even the calcified ova and embryos can still be 
recognized. A still later stage of calcification is shown in the excellent 
microphotographs (Nos. XI. and XII.) for which I am indebted to Dr. 
John Bell of Hong Kong. A completely calcified filaria is seen blocking 
an efferent lymphatic. With a higher magnification columnar fragments 
of calcium carbonate can be seen occupying the central portion of 
the worm. I took this specimen from a mass of enlarged groin glands 
removed at operation. 

It would seem that at a later stage the calcareous deposit becomes 
eradually absorbed; at all events in my dissections of enlarged groin glands, 
minute yellow spicules, representing the mummified remains of the filaria, 
were often found. Similar bodies can be found in the tissues, also in the 
epididymis, testis and tunica vaginalis, but only by careful dissection. 
They appear as minute, yellow, oval filaments often coiled up in delicate 
cyst-like structures about the size of a millet seed, the nature of which 
can be recognized on clearing the tissues in glycerine, or some other 
suitable reagent. 

I need not give the details of the many instances in which I found 
these bodies in tissues; three instances, in which the opportunity of a 
post-mortem examination made a careful search of all the tissues possible, 
must suffice :— 

(1). A Fijian male, aged 60. No microfilariae found in the blood. Said 
to have died suddenly of heart failure after an attack of filarial fever. 
Altogether the remains of fourteen adult filariae were found, viz., five 
in the epididymis of both testes, but none in the substance of the testes ; 
three in the enlarged lumbar glands; two in the enlarged mesenteric 
glands; three in the enlarged bronchial glands; one in an enlarged 
superficial cervical gland; one in an enlarged epitrochlear gland. 

(2). A Fijian male, aged 50. Two microfilariae found in smears of 
heart’s blood. No live adult worm found, OL filariae found in the 
epididymis of the right testis. 
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Microphot., P. H. Bahr. 
PHOTOGRAPH IX. 


neement of calcification in anterior end of dead @ filaria, taken from 


Comme 
the centre of an epitrochlear gland. 


Microphot., P.H Bahr 


PHOTOGRAPH X. 


Calcifying filaria removed from thickened brachial lymphatic trunk (vide Pl. XXI.). 


Microphot., Dr. John Bell. 


PHOTOGRAPH XI. 


Calcified filaria from efferent lymphatic vessel, dissected out from enlarged 
glands of groin removed at operation— x 200. 


Microphot., Dr. John Bell. 


PHOTOGRAPH XII. 


Details of the same. - — x 480. 
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é ijian male, aged 45. Died of widespread tuberculosis. Enlarged 
he ee eroin gland on the right side. Numbers of calcified filariae 
found in the following :—enlarged right iliac and inguinal glands (from 
the latter three live filariae were taken); both epididymes ; the right 

d. . . 
Salers Eaies vaginalis excised at operations for hydrocele calcified filariae 
were found in large numbers in three cases. In one instance they were 
specially abundant, forming calcareous cords in the substance of the sac 
wall. ; 

On account of the hardness of these calcified filariae, good microscopic 
sections were not easily obtained. Decalcification in Von Ebner’s solution 
gave the best results. In many instances in such sections, the original 
structure of the filaria is well shown, and the ova and larvae in the uterine 
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PLATES XIE 


an epitrochlear gland, showing that the structure, 
can still be recognized.—Camera lucida. 


Section of calcified filaria in 
even the ova and embryos, 


tubes can easily be recognized (Pl. XXII.). In others nothing but a 
calcified shell with the septum dividing the two uterine tubes is all that 
can be made out. In others again, a mass of amorphous calcareous 
crystals is all that is visible. But in every instance the filarial remains 
no matter at what state of degeneration, are 
suled in, thick strands of fibrous tissue. 
Sections of calcified filariae, dissected out from the tissues removed at 
operation and post-mortem, have been obtained in the following: Epitroch- 
lear gland, five cases ; epididymis, twice; pedunculated groin glands, 
once; bronchial and mesenteric glands, once. 
The Fijians, like all Polynesians, are not a productive race. Many 
reasons have been advanced ag accounting for this. The rate of decrease 
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surrounded by, and encap- 
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of the population was at one time so serious that a commission was 
appointed by the Government to inquire into its cause. Is it unreason- 
able to suppose that the frequency of the infection of the genital organs 
in the Fijians by the filaria, and consequent impairment of function, 
may contribute to the racial infecundity ? 


P. H, Bahr del., 1911. 


PLATE XXfily *= 


Section of a female filaria lying in an epitrochlear abscess. The filaria is situated 
apparently in a lymphatic space, surrounded by haemorrhages and inflammatory 
cells. Staphylococcus pyogenes aureus and albus were cultivated from the pus.— 
Camera lucida. ; 
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XIV. The adult filaria is not an unusual cause of abscess, of 
hydrocele, of enlarged testes, of thickening of lymphatic vessels 
and of fugitive swellings resembling Calabar Swellings. 


ABSCESS. 


Portions of adult filariae*t have been found by others in that type of 
abscess so frequent in tropical countries, which has been ascribed to this 
cause. Such abscesses, of apparently spontaneous origin, are very 
common amongst the Fijians in the substance of the gastrocnemii, in 
the popliteal space, in the groin and in the substance of the quadriceps 
extensor, and also in the upper extremity, over the internal condyle 
of the humerus, in the axilla, in the substance of the latissimus dorsi and 
serratus magnus muscles. From the statistics of filarial infections given 
in the Appendix (VI., B and Cc), such abscesses occurred in 57°7 per 
cent. of the males and 54:5 per cent. of the females. 


In the case of a Fijian, two recently dead adult female filariae were 


removed from an inflammatory swelling containing pus. The mass was 
situated over the internal condyle of the humerus, and apparently 
connected with the epitrochlear gland. Cultures of the pus on blood 
and on ordinary agar yielded Staphylococcus pyogenes aureus and Strep- 
tococcus pyogenes. Smears revealed a great preponderance of lymphocytes 
and breaking down red blood corpuscles. In microscopical sections of 
the tissue (Pl. X XIII.) portions of a female were found in what I took 
to be a lymphatic space surrounded by haemorrhages and inflammatory 
tissue. In these sections numbers of microfilariae can be seen in close 
proximity to the parent. In this case a great number of microfilariae 
were present in the blood (Appendix XI., Chart IT.). 

Details of a number of similar cases will be found in Appendix XIX. 
It will be noted that in every one of these the pus, on cultivation, yielded 
pyogenic cocci. The case just detailed started as an ordinary lymph- 
angitis with a rigor and thickening and tenderness of the lymphatic 
trunks involved. In this case the chain of evidence indicates that the 
parent filariae were the cause in the first instance of the inflammatory 
attack, that in some manner a haemorrhage was caused, that this in turn 
became infected with pyogenic cocci, and that the death of the filariae, 
the originators of the trouble, was the result. I consider it probable 
that in the majority of cases dead filariae, lying in pus swarming with 
pyogenic cocci, ultimately become so disintegrated that they are no longer 
recognizable. In one case, however, in which a groin gland was situated 
beneath and adherent to the scar of an old abscess, a complete calcified 
filaria was found in the cortex of the gland. 


HypDROCELES AND ENLARGED TESTES. 


These are very prevalent in some districts amongst the male Fijians 
(Appendix XVIL., Bau), and are, as a rule, one of the most common 
and striking expressions of filarial disease. Most of the cases 
investigated were associated with elephantiasis of the scrotum. The 
hydrocele fluid proved sterile on culture in every case. In only 
one case—an Indian four years resident in Fiji—were microfilariae 
found in the fluid. They were in great numbers, and some of them very 
active. Kmpty sheaths, dead and sheathless forms were common 
(Microphot. XIIT.), showing that the sac of the tunica vaginalis is not 
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their normal habitat. Some were very small and with their nuclei 
undifferentiated, resembling certain forms obtainable from the uterus 
of the adult. In such hydroceles numerous calcified filariae were found 
on dissection of the sac wall, and were often exceedingly well preserved. 


I. P. H. Bahr del., 1911: 


PLATE XXIV. 


1. Section of a thickened brachial lymphatic containing 
portions of dead filariae undergoing disintegration and 
blocking the lumen of the vessel. Note the large amount 
of fibrosis. 


2. Giant-cell formation within the calcified shell of the 
dead filaria.—Camera lucida. 


P. H. Bahr del., 1911. 


In one such case the hydrocele was associated with elephantiasis scroti 
(Phot. XIV.). The filariae were massed together, forming great plaques 
and thick caleareous strands in the substance of the sac wall. Sections 
of these hydrocele sacs do not shed much light on their pathology. There 
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is apparently great hypertrophy of the fibres of the cremaster internus 
muscle. In the epididymis of an enlarged testis carrying a hydrocele, 
a ragged cavity, in the wall of which were calcified filariae, was discovered. 
The corresponding testis was enlarged, tough and fibrosed, and on 
dissection one calcified filaria was found in it also. The reader is referred 
to Appendix XX. for the details of eleven additional cases. 


THICKENING OF LYMPHATIC VESSELS. 


The lymphatics of the upper arm, or of the thigh, could be felt as 
thickened cords in 9°7 per cent. of all the filarial cases examined ; in 
several this constituted the only objective sign. Owing to the relatively 
small calibre of those lymphatic trunks a considerable amount of thicken- 
ing must be undergone before they become palpable ; it is therefore quite 
likely that minor degrees were overlooked. In a Fijian, whose case 
I have already mentioned (Appendix XI., Chart XX.) and in whom 
numerous microfilariae were present, such a thickened cord could be felt in 
his upper arm immediately above the internal condyle. It was excised, 
and a strand two inches long dissected out from a mass of surrounding 
inflammatory tissue. On teasing out this strand in normal saline, a 
thickened lymphatic with numerous cystic dilatations was discovered. 
From one of these dilatations the specimen figured (Pl. XXI., Phot. 
X.) was removed. Sections were made of another of these dilatations 
(Pl. XXIV.) displaying the partially calcified remains of filariae, lying in 
a mass of amorphous material, and surrounded by coarse strands of 
fibrous tissue. 

The filaria during its lifetime, as well as after its death, exerts 
an influence on the wall of the vessel in which it lies. The enormous 
invasion of the vessel by fibrous tissue in such a case is well shown in the 
specimen illustrated in P!. XVIII. 

Further blockage of the lymphatics seems to be contributed 
to by the proliferation of the lining endothelium (see Pl. XXVI., 2). 
Vessels, such as that depicted, are common in sections of filariated 
lymph glands. Sections were cut of the vessel from which the dead 
filaria depicted in Pl. XXVI., fig. 1, was removed. The worm in this 
instance was taken from an enlarged epitrochlear gland in which, in 
addition, many calcified filariae were also found. 


FuGITIVE SWELLINGS LIKE CALABAR SwWELLINGS. 


Evanescent swellings, appearing on the arms and thighs without any 
other assignable cause, have lately been shown to occur in natives and 
Europeans in West Africa in association with Filaria loa. Of these 
Thompstone** in his original description says: ‘‘ The swellings are about 
half the size of a goose’s egg; they are painless though somewhat hot, 
both objectively and subjectively ; they do not pit on pressure, and they 
usually disappear in three days.” Fugitive swellings, apparently of a 
similar nature, found at the bend of the elbow and along the inner 
side of the biceps, were reported by Young*’ as occurring in a native of 
Jamaica. One of these was excised and found to consist of dilated 
lymphatic tissue. From an inflammatory mass adherent to the 
skin on the opposite arm a living Filaria bancrofti was removed. 
Swellings, in all probability of the same nature, were observed in subjects 
of filarial disease in Fiji. Curious, ill-defined and singularly evanescent 
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Microphot., P. H. Bahr. 


PHOTOGRAPH XIII. 


Sheathed and unsheathed microfilariae in hydrocele fluid. 


Phot., P. H. Bahr. 


PHOTOGRAPH XIV. 


-Hydroceles associated with elephantiasis scroti and left leg. A great number 
of calcified filariae were found in the hydrocele sac walls at operation. 
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inflammatory lumps made their appearance on the scalp and thigh of 
my Fijian cook, whom I had ascertained to be the subject of filarial 
infection. He was under constant daily observation for ten months. 
I saw a similar swelling in a European; he had been resident in the 
Colony for sixteen years, and had microfilariae. The lump was situated 
on the inner side of the upper arm, on the inner margin of the biceps. 
It was about the size of a two-shilling piece and slightly painful. Beneath 
it a thickened cord with a cystic dilatation could be felt. Soon after 
the appearance of the swellings the patient had a rigor and fever. A 
similar lump, smaller and not so painful, then made its appearance 
about the centre of the flexor surface of the forearm. When examined 
a fortnight later both swellings had disappeared, and a small amount of 
subcutaneous thickening only remained. A red inflammatory mass of a 
similar nature was noticed on the inner aspect of the thigh in a European 
whose case has been related already and who suffered from two attacks 
of lymphangitis while under observation. The mass was painful, and 
red streaks of lymphangitis extended from it. Thickened lymphatic 
cords could be traced upwards to the inflamed and swollen groin 
glands. The mass on the thigh was aspirated; the fluid so obtained 
proved sterile on culture. After a week the swelling could no longer 
be felt. , 

Inflammatory masses situated in the abdominal wall were met with 
twice. In neither case were microfilariae present in the blood. In 
both there was a high intermittent temperature and leucocytosis. In 
these also the aspirated fluid was sterile. One was operated on and the 
mass excised, but no adult filaria was found on dissection. In both 
patients the painful masses dispersed as rapidly and mysteriously 
as they had come. Further details of such cases will be found in 
Appendix X XI. 

There can be no doubt, I think, about the filarial causation of the 
foregoing lesions. I am not so confident, however, that such an etiology 
applies to the three conditions I shall next allude to; the evidence is not 
so complete, although one is inclined to think that their association with 
other forms of recognized filarial disease is of too frequent occurrence 
to be merely a chance coincidence. 

Thrombosis of large veins I noted four times. Details of the cases will 
be found in Appendix X XII. Thrombosis of sudden onset of the median, 
axillary, internal saphena and femoral veins was noted. Besides filariasis, 
no other recognizable cause could be conjectured. Microfilariae were 
not present in the biood of any of the cases. In two cases there was 
distinct evidence of a superimposed septic infection. 

Synovitis.—Two cases of synovitis of the knee, of sudden onset, ending 
in ankylosis, were encountered (see Appendix XXIII.). There was 
high temperature in both. One had enlarged groin glands containing 
numbers of calcified filariae, and microfilariae were found in the blood 
and in the gland exudate. The second had a typical attack of filarial 
adenitis and orchitis immediately preceding the appearance of the 
synovitis. In both cases the knee was considerably swollen, and 
a thin, purulent sterile fluid (containing no microfilariae) was aspirated 
from the joints. 

Haemorrhage.— Adult filariae have been found in the centre of blood 
clots by Daniels and Wise. Haemorrhage in connection with filariasis 
was noted by me twice in Fiji. The first case was in connection with a 
filarial abscess (Pl. XXIII.). The second occurred in connection with 
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PLATE XXV. P, H. Bahr dei., 1911. 


1. Seetion of an enlarged inguinal gland removed at operation, showing ‘portion 
of a calcified filaria, encapsuled by fibrous tissue. A lymphatic vessel with thickened 
walls and extensive fibrosis of the gland tissues is seen at X. A giant cell is seen 
lying between two separate sections of the filaria. 

2. Section of an enlarged groin gland showing calcified filariae in situ encapsuled 
by fibrous tissue. <A giant cell appears to have formed round one section of a dead 
filaria. A represents a fibrous nodule from which a portion of a calcified filaria has 
been absorbed. B, an accessory lymph space. 

3. Extensive fibrosis of lymphatic tissue. A section of an epitrochlear gland 
from which thirteen adult filariae were removed.—Camera lucida. 
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the lymphatics of the spermatic cord. A Fijian was admitted to hospital 
with a typical attack of orchitis and frequent rigors. A nodule, the size 
of a filbert nut, was present in the substance of the spermatic cord. 
This was exquisitely tender. The inguinal glands on both sides were 
enlarged, and there were numerous microfilariae in the blood. The lump 
was excised and carefully examined macro- and microscopically. It was 
found to consist of numerous old and recent haemorrhages encapsuled in 
fibrous tissue. No adult filarial remains were found in it. 


XV. Whether alive or calcified, the filariae are the direct cause 
of fibrosis and blocking of glands and lymphatics. 


As may be gathered from what I have said already, enlargement of 
the groin glands and epitrochlear glands is frequent in Fijians; in fact 
it is the commonest manifestation of filarial disease among them 
(Appendix VI., B and c). After the discovery of the adults in enlarged 
epitrochlear glands removed at operation, I paid special attention to 
this point, with the result that in 1,264 persons these glands were found 
to be enlarged in 281 instances, 34°6 per cent. of whom had microfilariae 
in their blood, and 65:4 per cent. had not (Appendix VI. D). 

(A) Epitrochlear glands—The changes induced in these glands by 
the filariae were studied in five specimens removed by operation. 
Details of the cases will be found in Appendix XXIV. (1). Pl. XXV. 
(3) was drawn from a_ section of a lymphatic gland in which 
thirteen adult worms were found. It will be seen that there is great 
hyperplasia of fibrous tissue, strands of which run through the whole 
substance of the gland; giant cells are also present, but in small 
numbers. The trabeculae are greatly thickened, and the lymphocytes 
are collected in clusters between the strands of fibrous tissue. The 
lymphatic channels are greatly thickened, and in some places com- 
pletely blocked and merely represented by nodules of fibrous tissue 
(Pl. XXV. (2), A). Dilated blood-vessels are seen in the centre of 
these glands and numerous spaces (Pl. XXV. (2), B) filled with 
coagulated lymph which may possibly represent accessory lymph 
channels. In those glands in which calcified filariae were found, numerous 
giant cells are also seen. These are peculiarly large, generally oval in 
shape, and differ considerably in appearance from giant cells of 
tubercular origin. The nuclei, as a general rule, are large and are 
arranged radially around the periphery of the cell. In no instance were 
tubercle bacilli or cocci found, although searched for in every case ; indeed 
there was never any apparent reason for suspecting that these enlarged 
glands were of a tubercular nature. 

(B) Groin glands.—The changes induced by the presence of the filariae 
in the pathologically enlarged glands were studied in eleven cases, 
details of which will be found in Appendix XXIV. (2). In three of 
these living filariae were found, and in nearly all the others portions of 
calcified specimens. Some of the individual glands were very large, as 
that depicted in Pl. II., which was over three inches in length. The 
central part is fibrosed, the cortical hypertrophied. Sections of many 
of my specimens show this change (Pl. XXVII.). The lymphocytes 
are seen to be aggregated into little islands surrounded by fibrous and 
inflammatory tissue. In the cortical portion, thickened lymphatic trunks 
with lumina almost completely occluded (Pl. XXV., fig. 1) are frequently 
seen. In the sections, portions of calcified filariae, surrounded by thick 
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PLATE XXXVI. 


1. Dead and disintegrating filaria removed from (A), a caseous focus in an enlarged 
epitrochlear gland, (B) caseous material, (c) microfilariae undergoing disintegration, 
(D) filarial ova, eosinophiles, and lymphocytes. 


2. Section through area from which the specimen figured in (1) was removed. 
(4) Lymphatic vessel blocked by the proliferation of the endothelium; (B) spaces 
filled with lymph; (c) greatly fibrosed lymphatic tissue.—-Camera lucida. 
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strands of fibrous tissue, and in some cases giant cells, are common. In 
some instances the calcification has proceeded to such a degree that the 
outline of the parasite and the septum between the uterine tubes are all 
that can be recognized (Pl. XXV., 2). In one section a giant cell, 
apparently produced in response to the irritation caused by this foreign 
body, lies in close apposition to a calcified filaria. Close by, nodules of 
fibrous tissue of concentric structure (Pl. XXV. (2), A) are seen, repre- 
senting, I conjecture, areas from which the calcified remains of a filaria 
have been absorbed. The complete absorption of these remains is prob- 
ably a matter of time, for in one of these enlarged glands no calcified 
filariae could be found, although the changes invariably associated with 
their presence were very evident. A completely calcified filaria was 
removed (Microphot. XI.) from the efferent and thickened lymphatic 
channels of such a gland. In one case (Appendix XXIV.), examined 
post-mortem, numbers of calcified filariae were found in various parts of 
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1. Section of enlarged mesenteric gland showing areas of amorphous material, 
probably organizing stagnated lymph, enclosed in hyaline fibrous tissue. There 


is marked fibrosis of the gland substance. 
2. Section of a lumbar gland from the same case showing masses of hyaline tissue 
and giant cell formation.— Camera lucida. 


the body, especially in the epididymis, and living filariae in enlarged 
glands in the right groin. The abdominal lymphatics were in a varicose 
condition. An enlarged groin gland, removed from another man with 
elephantiasis of the leg on the same side, was found to be studded with 
calcified filariae, and showed, microscopically, changes similar to those 
already described. ‘ 
Fibrosis of a similar nature, and associated with an excess of eosinophile 
cells in the glandular substance, was noted in sections of the inguinal, 
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PLATE XXX. 


Microscopical section of the epididymis. A female filaria, undergoing disintegration, is seen in a 

space surrounded by lymphocytes, pus cells, and eosinophiles, amongst which numerous embryos 

can be recognized. The fibrosis of the surrounding tissue is marked. From a Fijian who died 
after an attack of filarial fever. Section stained by haematoxylin and eosin. 


[To face p. 64. 
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lumbar and posterior mediastinal glands of a Fijian in whose blood 
microfilariae were found post-mortem. Calcified filariae were found in 
the right epididymis. 

In a post-mortem I was fortunate enough to obtain of a Fijian who 
is said to have died after an attack of filarial fever,* a large number of 
calcified filariae were found in the different tissues, and sections were 
made of the inguinal, iliac, pelvic, lumbar, mesenteric, bronchial, and 
-epitrochlear glands. They all exhibit varying degrees of the characteristic 
fibrosis. 

In the lumbar glands (five microscopically examined) giant cells of 
an oval shape, and often of a large size, are seen surrounded by a peculiar 
hyaline substance in which fibroblasts can be distinguished (PI. 
XXVIII., 2). In the mesenteric glands (Pl. XXVIII., 1) similar 
structures can be found, and also circular areas of amorphous material, 
staining pink with eosin. In the centre of these a few lymphocytes 
are to be seen. It has been suggested to me that these structures 
(which are extremely numerous in my sections) represent areas of 
stagnated and organizing lymph. 

The influence which the living filaria exerts in the vessel wall in which 
it lives, is shown in the specimen depicted in Pl. XVIII. In addition 
to this thickening there is fibrosis of the surrounding glandular tissue. 
In the centre of the vessel is a mass of coagulated lymph containing a 
few niicrofilariae. 

Hpididymis.—tIn sections of the right epididymis of this last case, 
portions of a recently dead and disintegrating filaria (Pl. X XIX.) were 
found in a cavity surrounded by polymorph, lymphocyte, and eosinophile 
cells, Intermingled with these were ova and microfilariae. No structures 
resembling the vasa efferentia remain, the space occupied by the filaria 
being surrounded by thick bands of fibrous tissue and dilated blood and 
lymph vessels. 


XVI. Eosinophile cells are present in large numbers around both 
the living and the calcified filariae. 


As has been related already, great numbers of eosinophile cells have 
been found in the grumous substance usually found surrounding live 
_ filariae in the substance of a lymphatic gland. Smears of this substance 

consisted of eosinophile cells, lymphocytes, a few red blood corpuscles, 
and amorphous bodies of a crystalline nature, possibly excreted by the 
parasite. In microscopical sections the eosinophile cells become very 
apparent if the slide is treated with eosin for about ten minutes and then 
partially decolorized in 70 per cent. alcohol. In all sections of enlarged 
glands, with.only two exceptions, these cells were noted in great pro- 
fusion (Pl. XXX.). They apparently lie among the strands of fibrous 
tissue enclosing one of the islands or collections of lymphoid cells I have 
already mentioned (p. 62). Similar collections of eosinophile cells have 
been seen in the section of a filarial abscess (Pl. X XIII.) ; round a filaria 
in a case of lymphangitis (Pl. III.) ; in the epididymis (PE XXX.) 
and in a thickened lymphatic trunk (Pl. XXIV.). 


* This post-mortem will be more fully treated under heading X. and Appendix 
XXVI. B. 
F 
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XVII. Calcified filariae have been found in the interior of and 
blocking the vasa efferentia. , 


In one instance, sections were obtained of a calcified filaria dissected , 
out from the substance of the epididymis. The calcareous material 
was, to a great extent, removed by Von Ebner’s solution. The resulting 
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PLATE XOGXT: 


~, | s Laat . . . . . . . . 
Section of a calcified filaria in the epididymis, showing the manner in which the 
vasa efferentia are blocked and their function destroyed.—Camera lucida. 


preparation is illustrated in Pl. XX XI. Dark staining amorphous masses, 
iin ee the remains of the filaria, and are seen lying in the lumen 
of the vasa efferentia. In several sections part of the ciliated epithelium 
is visible; in others it appears to have been completely destroyed. 
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This specimen was obtained from a case of elephantiasis of the scrotum 
in which the testes were enlarged, and contained a ragged abscess cavity, 
discharging thick pus. 

It can be readily understood how, if these vessels be a frequent habitat 
of the adult filaria, this circumstance will contribute to the further 
impairment of the function of the generative organs. 


XVIII. Microfilariae emitted by the parent worm may not reach 
the general circulation, perishing in the gland or organ in which 
they are lying. | 


Since filariae of both sexes have been found together in the same 
lymphatic glands, it is not unreasonable to suppose that their microfilariae 
are emitted in the substance of these glands, whence they may endeavour 
to reach the general circulation. Such microfilariae were obtained by 
gland puncture on six occasions. Once I found them in hydrocele fluid, 
and once in purulent fluid from the tunica vaginalis. In two instances, 
both cases of lymphangitis, they were found in the gland juice immediately 
before their disappearance from the blood-stream. 

In three cases the microfilariae were small, with sheath distended 
anteriorly and posteriorly, and nuclear structure still undifferentiated, 
resembling closely the small forms I have often seen emerging from the 
vaginal orifice of the adult worm. 

In two instances, besides the microfilariae, filarial ova and empty 
sheaths were found in considerable numbers. It is specially to be 
noted that in one of these instances no microfilariae could be found in the. 
blood, but appeared there some eight months later. In one of the cases the 
microfilariae inthe newly-drawn lymph exhibited no signs of life. 

Eight microfilariae were obtained in gland lymph from a case of 
lymphangitis of the leg in association with elephantiasis. They did 
not differ from those found in considerable numbers in the blood. 

Inaecase of hydrocele, microfilariae abounded in the fluid when only a few 
could be found in the blood-stream. Of those in the hydrocele many were 
dead, and empty sheaths and sheathless forms were frequently encountered. 
I conjecture that when the fibrosis of the gland substance has advanced 
to a certain point, the microfilariae are unable to reach the lymph-stream 
and, consequently, the blood-stream. Else how account for the absence 
of microfilariae in those cases in which sexually mature female filariae 
were observed actually emitting living larvae, and yet none of these 
larvae could be found in the blood. 


XIX. Periodical discharges of microfilariae may be a factor in 
the production of lymphangitis, orchitis and funiculitis. 


Microfilariae, as related in the last paragraph, were discovered in 
lymph from the implicated glands in cases of lymphangitis. 

I have notes of one case of recurring orchitis in which microfilariae 
were obtained from the tunica vaginalis at the commencement of each 
attack. The patient was the Fijian cook already alluded to. Being 
my own servant, [ was able to make frequent and minute observations. 
While in my service he had three attacks of orchitis. Judging from the 
many counts made over a period of ten months the number of microfilariae 
present in his circulation was wonderfully constant (wde Appendix XXV. 
and Chart). No disappearance, or even marked diminution took place 
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either before, during or after any of the attacks of orchitis. During the 
first there was local inflammation of the glands of the left groin, the 
temperature of which was constantly one degree higher than that of the 
axilla. The adenitis was followed by inflammation of the right testis. 
A second attack, five months later, was ushered in by inflammation of 
the left testis, followed by a similar condition in the right. The spermatic 
cord of the left side was inflamed and tender, and a definite, inflamma- 
tory mass could be distinguished in its substance. During this attack 
a collection of fluid was noticed in front of the right testis. On aspiration, 
purulent fluid containing great numbers of live microfilariae was obtained ; 
several sheathless forms and empty sheaths were also found in the fluid. 
In ringed preparations the microfilariae died almost immediately; whilst 
in samples of finger blood, taken simultaneously and treated in a similar 
manner, they lived thirty-six hours. Immediately after the attack 
this collection of fluid disappeared. ‘The appearance of a similar swelling, 
containing identically the same kind of fluid and microfilariae, coincided 
with the third attack of orchitis. On this occasion quite 9 c.c. of fluid 
were aspirated. Cultures of the inflammatory fluid, made on several 
occasions, remained sterile. At the conclusion of my observations on this 
man, a similar swelling, unaccompanied. by fever, was noted in the tunica 
vaginalis of the left side; it contained cloudy straw-coloured fluid in 
which a very few live microfilariae were found. In the case of those 
swellings, called Calabar Swellings, produced by Filarza loa, it has been 
suggested by Manson** that the outpouring of embryos into the surrounding 
tissues by the parent worm may be a factor in their production. In one 
subject, in whose blood microfilariae with a well-marked diurnal periodicity 
were found, he was able to demonstrate great numbers in lymph drawn 
from the centre of one of these swellings. The facts of the case related 
above would suggest that the sudden outpouring of microfilariae into the 
glandular substance in the first instance, and into the tunica vaginalis 
in the second, was connected with the respective attacks of adenitis 
and orchitis. Continued attacks of a similar nature would result in the 
production of a hydrocele, a contingency which actually did take place. 

Anyone who has studied this condition will scarcely deny that the 
etiology of this form of endemic orchitis and lymphangitis are in all 
probability similar, and that if this be the explanation of the origin of 
the attack in the former, it must also hold good in the latter. 

A case of lymphangitis of the arm was recorded in a Fijian in whose 
blood no microfilariae could be found (Appendix XXV). The lymph 
from this case as in all the others, was sterile. 

From the detailed notes in the Appendix, it will be seen that a 
moderate leucocytosis was noted in every case of lymphangitis or 
orchitis accompanied by a high temperature. 


XX. After such inflammatory attacks the parent worm may perish. 


The death of the parent filaria has been adduced as explaining the 
disappearance of the microfilariae from the blood. With the exception 
of my cook’s case and one other, the disappearance of microfilariae was 
noted in seven out of nine cases of lymphangitis and orchitis which came 
under my notice. 

Plausible as this explanation appears to be, it does not assist us in 
understanding the course of events in those few cases where no diminution 
in the number of microfilariae was noted. I conjecture that in these 
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cases several female filariae were present in some other part of the 
lymphatic system, and that they were responsible for the microfilariae 
in the blood ; and that the worms, the cause of the inflammatory reaction, 
had never succeeded in getting their offspring into the circulation. It 
may be that the attacks of lymphangitis are due to the sudden emission 
of microfilariae, and that the absorption of some toxic substance, liberated 
by their destruction, leads, not only to the inflammatory disturbance, 
but also to the death of the parent worm. 

That the presence of microfilariae may not be essential to the production 
of filarial lymphangitis, was indicated by one typical case (Appendix X XV.) 
in which the lymphatics of the forearm were attacked. In this case 
no microfilariae could be found, either in aspirated lymph or in the 
blood. 

It will be remembered that the dead and calcified filariae which I found 
were located in the usual seats of lymphangitis (epitrochlear and groin. 
glands). The remarkable specimen figured in Pl. X XI. and Microphot. 
X. was obtained from brachial lymphatics which, six weeks previously, 
had been attacked with severe inflammation. 


“TLiniwa”’ 


Is a form of filarial disease, not yet alluded to, which appears to bea 
purely febrile condition. This form of fever is common in heavily- 
infected districts, and is unassociated with any clinically recognizable 
inflammatory trouble. It is termed by the natives “‘liliwa”’ (i.e. rigor), 
in contradistinction to the lymphangitis of the extremities, which is 
known as ‘‘wanganga”’. It is not unreasonable to ascribe it to the 
absorption of the dead filariae or their products. 

Six cases were studied in detail (Appendix XXVI.A). The onset is 
sudden, and is ushered in by rigor. The eyes are blood-shot, the skin hot 
and burning; often there is vomiting. There is marked leucocytosis. 
In four cases no microfilariae were present in the blood ; in one (described 
in Appendix X., Case 7) they disappeared after a second attack. There 
were marked bronchitic signs (these also were noted in cases of lymph- 
angitis and orchitis) and the temperature often reached 104° and 105° F. 
The attacks are usually of short duration, and at the end of forty-eight 
hours all symptoms had disappeared. 

I was fortunate enough to obtain a post-mortem on a case of this 
sort. The patient died suddenly, apparently of heart failure (details 
in Appendix XXVI.B). A great many calcified filariae were found 
in the lymphatic glands, which were all enlarged and showed on 
section extensive fibrosis and giant cell formation, and, especially 
in the mesenteric glands, the curious structure depicted in Pl. XXVIII. 
There were marked signs of back pressure in all the organs. 
The spleen was dark and diffluent. No microfilariae were found 
in the many blood smears made, nor could the presence of any 
septic organism be substantiated. In the substance of the right 
epididymis there was distinct evidence of the recent death of a parent 
filaria (Pl. X XIX.) and of destruction of the microfilariae, great 
numbers of the latter, in a disintegrating condition, being found in 
yellow purulent material which exuded from the epididymis on section. 
No bacterium could be demonstrated in this material, nor any livefilariae 
in the tissues, after an extensive search, 
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1. Section of iliac gland, from a Solomon Islander with adenitis and synovitis 
of hip-joint, showing fibrosis of gland substance and giant cell formation. Staphylo- 
coccus pyogenes albus was cultivated from the lymph. 


2. Part of the uterus of a disintegrating filaria containing ova and embryos found 
in smears of caseous material which exuded from the same gland.—Camera lucida. 
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XXI. Lymph from such inflammatory foci may be sterile or may 
be the seat of bacterial invasion. 


In every case in which cultures were made from lymph aspirated from 
non-inflamed enlarged glands (Appendix XXIV.) the lymph proved to 
be sterile. The precautions taken in every case were the same. To 
obviate contamination with skin organisms, the skin was first seared 
with a red-hot metal rod; the needle of the syringe was also heated 
in the flame before insertion. 

Similar precautions were adopted in making cultures from cases of 
lymphangitis (Appendix X.), but whether the lymph was inoculated 
on to agar, blood agar, or hydrocele fluid, it proved to be sterile after forty- 
eight hours incubation. 

In cases when the glands continued to be inflamed for a long period 
it was otherwise. In one case (Appendix X., Case 1) there was direct 
evidence of the infection of the lymphatic glands coincident with the 
disappearance of the microfilariae from the blood, the pyogenic infection 
leading eventually to a fatal result. In another case, evidence of a 
similar sepsis was obtained. ‘The case was that of a Solomon Islander, 
admitted with typical adenitis of the glands of the right groin. His 
temperature remained high, and the hip-joint became inflamed. 
The enlarged external iliac glands were removed. Staphylococcus pyogenes 
albus was cultivated from lymph from these glands, obtained both before 
and during the operation. On cutting open one of the removed glands, 
beads of putty-like material exuded from the surface of the sections, and 
in this a portion of the uterus of a recently dead filaria containing embryos 
was detected (Pl. XX XII., 2). No tubercle bacilli could be demonstrated 
in smears of the purulent material. The microscopic findings were (PI. 
XXXII.) very similar to those figured in Pl. XXVIII. In the sections, 
numbers of large giant cells, lying in a peculiar hyaline substance and 
amongst the strands of fibrous tissue, are to be seen. After operation the 
patient made an uninterrupted recovery, and all symptoms disappeared. 

The second case, though starting as a typical filarial adenitis, developed 
a psoas abscess, due to Staphylococcus albus. The history of two 
additional cases was similar and in all probability their etiology was the 
same (Appendix X XVII.). 

Instances of a like nature have been recorded in British Guiana by 
Wise,“ especially one in which a blood-stained effusion was found in the 
substance of the psoas muscle containing portions of an adult worm 
and great numbers of unsheathed microfilariae, and, as he remarks, 
all the conditions were favourable for the development of a psoas abscess 
in the presence of a pyogenic organism. 

Such cases are very instructive in view of early treatment, for the 
fibrosis of the lymphatic glands in filarial infection must tend to lower 
the resistance of the body to infection by the tubercle bacillus, as well as 
by pyogenic organisms. 

The Fijians are extremely liable to tuberculosis, and die from that cause 
in great numbers. Glandular tuberculosis is often found post-mortem. 
Two instances of tubercular infection of glands were noted. A Fijian 
had typical attacks of filarial adenitis of the axillary glands. The glands 
became enlarged and matted together, and eventually broke down, 
leaving a discharging sinus. No septic organisms could be found in the 
pus, but tubercle bacilli were demonstrated in sections of the glands 
removed at operation. A second case died of general tuberculosis after 
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operation for elephantiasis of the scrotum. The groin glands became 
enlarged and eventually broke down, discharging pus in which tubercle 
bacilli were found. In one gland, which was excised, calcified filariae 
were found. Microscopical sections presented the typical picture of a 


tubercular gland. 


XXII. Lymph from inflamed elephantoid tissue is usually sterile. 


Lymph obtained by puncture with a sterile syringe from non-inflamed 
elephantoid tissue invariably proved sterile (Appendix XX VIII.). 

I had only one opportunity of investigating a case of elephantiasis 
during one of the inflammatory attacks. The pathological process seemed 
to me to be entirely similar to that observed in ordinary cases of filarial 
lymphangitis. The case was that of a male Fijian, 33 years of age, with 
elephantiasis of both iegs, the left arm, and the scrotum. He had numerous 
rigors, and there was adenitis of the glands of the left groin, together 
with lymphangitis of the left leg. There was great tenderness in the 
glands and along the course of the lymphatics. The skin over the gland 
of the left groin was seared, and a considerable amount of lymph abstracted. 
The cultures on blood agar proved sterile. There were numerous micro- 
filariae in the blood, and they were also found in the gland lymph. 

All observers are agreed that, as a rule, repeated attacks of lymphangitis 
precede the production of elephantiasis; cases, however, have been 
recorded by Low*® in the West Indies and by others elsewhere, in which 
there had been no febrile or inflammatory attack. Suchacase came under 
my notice in Fiji. The patient was a white trader who, though suffering 
from decided elephantiasis of both legs, was quite positive that he had 
never suffered from acute lymphangitis (Appendix X XIX.). 

There is a popular belief in these islands that on leaving the 
endemic area these inflammatory attacks cease. J have notes of the 
case of a Kuropean lady with elephantiasis of both legs, who was a constant 
martyr to these attacks while in Fiji (Appendix X XIX., 2), but who 
enjoyed perfect health when absent in New Zealand. 

One United States citizen, whose history appeared reliable, began to 
suffer from lymphangitis, leading to elephantiasis of both legs, after only 
three months’ residence in Fiji (Appendix X XIX.,3). Usually, however, 
a longer residence in the endemic area is necessary before the appearance 
of the familiar symptoms, as may be gathered from the details of cases of 
four Europeans given in Appendix XXIX.,4. One of these suffered from 
his first attack of adenitis and orchitis after one-and-a-quarter years 
residence in Lakemba. : 

Le Dantec? found a diplococcus in the subcutaneous tissues in 
elephantiasis and in association with a staphylococcus in the blood. On 
injecting the staphylococcus into a rabbit’s ear, he produced in that organ 
frequent erysipelatoid attacks, followed by an elephantoid condition. 
Dubruel,’ in Tahiti, found a similar streptococcus in the blood and serum in 
cases of lymphangitis, but does not give any details of his technique. Le 
Dantec’s staphylococcus has been termed the “lymphococcus.” It has been 
further investigated by Foulerton®* and Miss Whittingham ; they pro- 
nounce it to be identical with Staphylococcus pyogenes albus. Lately, 
Leber®* and Prowazek found streptococci in filarial swellings, and in the 
blood of a European who suffered from lymphangitis in Samoa. In the 
elephantiasis occurring In temperate zones and known as elephantiasis 
nostras, with concurrent lymphangitis, Sabouraud!? has demonstrated a 
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streptococcus in the blood during the erysipelatoid attacks. In the 
remarkable case quoted by Sampson Handley*® diplococci were cultured 
from the blood of the arm and lymph of the leg, and the condition of 
the patient, who suffered from marked elephantiasis of the leg, rapidly 
improved on treatment with a vaccine made from these organisms. In 
addition to this it has been shown that septic infection concurrent 
with filarial disease is of frequent occurrence. 

The prima facie evidence for the streptococcal nature of acute erysipela- 
toid attacks in elephantiasis is therefore a strong one. In my own experi- 
ence a case of marked lymphatic oedema of the arm, accompanied by 
febrile disturbances, and secondary to an axillary abscess, was studied. 
Staphylococcus pyogenes albus could be cultivated from the lymph which 


Phot., P. H. Bahr. 


PHOTOGRAPH XV. 


A case of elephantiasis scroti. The uterus of a dead and disintegrating filaria 
was found in this case in the centre of the diseased tissue. 


was easily obtained from the swelling. Microfilariae were abundant in 
the patient’s blood, and in the centrifuged deposit of the lymph obtained 
from the arm their sheaths could be found. In three months time after 
the first onset the oedema had all dispersed, but microfilariae were still 
present in the blood, and in almost the same numbers (Appendix XXIX., 5). 

Against the necessity for infection of the lymph-stream. by pyogenic 
organisms, In at least some of these cases, we have the facts that 
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elephantiasis does sometimes develop without the concurrence of any 
febrile disturbance, and that lymph abstracted with aseptic precautions 
from the inflamed tissue has proved sterile on culture. 


XXIII. The precise mechanism of the production of elephantiasis 
has yet to be determined, but that the filaria is a principal 
factor is hardly open to doubt. 

The frequent absence of microfilariae from the blood in cases of 
elephantiasis has been advanced as an argument against the filarial 
production of this disease. In the preceding paragraphs I have, however, 
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PHOTOGRAPH XVI. : 


An early case of elephantiasis scroti. No microfilariae were found in the blood. 


attempted to show that in the case of lymphatic glands, the enlargement 
of which is undoubtedly due to the presence of filariae, microfilariae are 
even more frequently absent than they are in cases of ordinary elephantiasis. 
Thus the microfilaria rate for all cases of elephantiasis was found to be 
38°2 per cent., while that for enlarged glands alone was 311 per cent. 
(Appendix VI.c). Therefore the filarial theory of the production of 
elephantiasis, if anything, receives support from these statistics. 

A more telling argument, however, is the epidemiological one. The 
higher the percentage of microfilariae in a district, the higher is the 


elephantiasis rate (Appendix XVII.). Thus in the main town of Lakemba 
island (Levuka) the elephantiasis rate was 7°3 per cent., the microfilaria 
rate 32°4 per cent., and the filarial disease rate 69 per cent.; whereas 
in the district of Bau on the main island, where there is no, or very little 
elephantiasis, the microfilaria rate was only 12°5 per cent., and the filarial 
disease rate 36°3 per cent. These statistics agree in the main with those 
given by Low” for the West Indies, and by Daniels* for British Guiana 
and for Central Africa, and for wherever the subject has been adequately 
studied. 

In dissections of elephantoid tissue proper, the remains of filariae are 
not usually found—possibly because not properly sought for; but in the 
enlarged fibrosed groin glands, removed at operation in a case of elephan- 
tiasis of the legs, great numbers of calcified filariae were discovered. 


P. H. Bahr del., 1911. 
PEATE XXXII. 


Dead filaria embedded in the blubbery tissue in a case of elephantiasis scroti.— 
Camera lucida. 


My experience in this direction has been limited mainly to elephantoid 
scrota removed at operation. In these I constantly found embedded 
in the peculiar blubbery tissue certain small, yellow pultaceous areas. 
In smears from one of these areas (Phot. XV.) the uterus of a dead 
filaria containing embryos, and similar to that figured in Pl. XX XIL., 
was recognized ; and in a second case, in a section of another such minute 
yellow body, a dead filaria, surrounded by a peculiar hyaline substance 
and giant-cell formation, was encountered (Pl. XXXIII.). In the 
case first mentioned, microfilariae were present in the blood; in the 
second, none could be found. 

Phot. XVI. is from an early case of elephantiasis scroti. The entire 
scrotum was thickened, the skin rough, the testes enlarged, the prepuce 
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and sheath of the penis infiltrated and thickened, and the glands of both 
groins enlarged, but there were no hydroceles. In this case also there 


were no microfilariae in the patient’s blood. 
In judging of the role of the filaria as an etiological factor in elephantiasis 


we must not attach too much importance, either to the presence or absence 
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P. H. Bahr del., 1911. 


PLATE XXXIV. 


4 Peer 5 . . . ais x ‘ 
as en i Cee peaa tmmitts in the superior vena cava of dog, showing 
structure of a flarla on transverse section. Microfilariae can be seen amongst the 
surrounding blood cells. 


1. Cuticle i 

pp 4. Interuterine septum, 
2. Muscle cells. 5. Alimentary canal. 
3. Perivisceral cavity. 6. Ova 
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of microfilariae in the blood. In two of these three cases they could not 
be found, yet in two cases there was unquestionable evidence of filarial 
invasion. Very probably, with a knowledge gained from this experience, 
minute search would have revealed similar evidence in the other. 

Little information bearing on the etiology of elephantiasis is to be 
obtained from the study of sections of elephantoid tissue. In five cases 
examined, the microscopical appearances were, to a great extent, similar. 
Dilated lymph and blood channels were very evident; there were collec- 
tions of lymphoid cells in a peculiar hyaline substance (probably 
connective tissue swollen with lymph resembling that found in the lym- 
phatic glands, Pl. XXVIII.), and bundles of the hypertrophied dartos 
muscle (Appendix XXX.). 

Objections may be advanced by sceptics as to the filarial origin of 
elephantiasis, to the effect that the bodies figured and described in the 
foregoing pages were not really the remains of filariae. Their careful 
study will show that I have made no mistakes in diagnosis. PI. 
XXXIV. is drawn from a section of Filaria ommitis lying in the superior 
vena cava of a dog. It shows the main anatomical features of a filaria as 
seen in section. These are (1) the cuticle, (2) the layer of muscle cells in 
the body wall, (3) the two uterine tubes and the septum between them, 
(4) the perivisceral cavities, and (5) the alimentary canal. These structures, 
more or less transformed by disintegration, can be recognized in the 
sections of dead and calcified filariae figured in my drawings. Brumpt 
gives similar figures of Filaria loa and Filarva volvulus in the last edition 
of his ‘‘Précis de Parasitologie.”’ 

Arguments against the filarial theory of elephantiasis have been advanced 
by various writers. Those brought forward by Dubruel® and by Prout,*° 
for example, are based on very slender evidence—evidence which, in the _ 
light of some of the facts I have already related, is capable of quite 
another interpretation. 

The lymphatic glands draining those regions of the body attacked by 
elephantiasis are not invariably fibrosed and enlarged; for instance, 
should one leg be affected by elephantiasis, enlargement of the groin glands 
on the side of the apparently normal member is of common occurrence. 
Similarly, the epitrochlear glands, though very often enlarged in 
elephantiasis of the forearm, are not invariably so affected. 

To illustrate the apparent lack of connection between elephantiasis 
of one part and disease of the associated lymphatic glands, I have drawn 
‘up a table (Appendix XVIII.). 

The blockage of lymphatics, which is universally recognized as an 
essential condition in elephantiasis, may be situated in the lymphatic 
vessels as well as in the glands. It appears to me that this blockage 
may be brought about in one or all of the following ways, examples of 
each of which I have already given. 

A. Blockage of lymphatic vessels (1) by the body of the living 
filaria, or by its cretified remains ; (2) by changes, peripheral fibrosis and 
proliferation of the endothelium in the vessel wall, in response to chronic 
irritation so induced. 

B. Blockage of lymphatic glands by extensive fibrosis of the gland 
substance, or by blockage of the efferent and afferent lymphatic trunks. 

The inference that lymph stasis is produced in this manner is not in 
accordance with Manson’s well-known hypothesis that the lymphatic 
capillaries become blocked by aborted filarial ova. The plugging 
of lymph capillaries by filarial ova does in all probability 
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take place, but not solely by the process of abortion. Their emission 
from the parental uterus may admit, I think, of another explanation 
than that given by Manson. . 

In my experience such ova were obtained by puncture of the groin 
glands on several occasions. {t is improbable that these ova were 
aborted into the lymph-stream by way of the vaginal orifice, for, as has 
been suggested by Daniels, the vulva is too narrow to permit of their 
passage through this outlet. 

I am inclined to believe that these ova are really set free from the 
uterus after the death of the parent worm. Such uterine tubes, with 
contained ova still in a perfect state of preservation, were found 
frequently on dissection of enlarged lymphatic glands. I found that 
protrusion of the uterine tubes and their contents took place immediately 
a small rent in the cuticle was made in either the living or the recently 
defunct worm. The escape of the uterine tubes and their eontents into 
the surrounding tissues would also take place in a similar manner after 
the death of the worm and during its disintegration in the centre of a 
lymphatic gland. 

In a post-mortem on a case of elephantiasis scroti, the only one I 
obtained, the value of my observations was rather marred by a co-existing 
and extensive tuberculosis (Appendix XX X., 3). The obstruction in the 
lymphatics in this case appeared to be situated in the lumbar region. 

In my opinion the induction of tropical elephantiasis can best be 
explained by a hypothesis to the effect that the blockage of the lymphatic 
channels draining the implicated area is brought about by their frequent 
and long-continued invasion by adult filariae. 


XXIV. Certain parasiticide drugs in medicinal doses have no 
manifest influence on the circulating microfilariae. 


Intravenous injections of antimony tartrate, atoxyl, and quinine 
were tried, but in no case was any diminution, transient or permanent, 
noted in the numbers of circulating microfilariae. 

Experiments in vitro (Appendix XX XI.) were also undertaken on 
microfilariae obtained by centrifuging citrated blood. Known quantities 
of the drug used were then added to the filarial concentrate in sterile 
welled slides. Although a certain amount of variation in the duration 
of life of the microfilariae was noted on different occasions and in different 
solutions, yet antimony tartrate appeared the most toxic. Distilled 
water having been found to exert an action on the life of the microfilariae, 
the solutions were made as isotonic as possible by dissolving the drugs in 
normal saline. Although in the more concentrated solutions (1:2000) of 
antimony tartrate and of quinine these drugs were markedly toxic, in very 
high dilutions—1:10,000 and even more so in 1: 20,000—with the exception 
of antimony tartrate, they appeared to have very little effect. The 
order of toxicity was antimony tartrate, quinine bihydrochloride, atoxyl. 
Atoxy] is stated by Ehrlich® to be inert as a parasit cide in vitro, and 
that in vivo its toxic action depends on a reduction product, ‘“* paramido- 
phenylarsenoxyd,” in this respect differing from ‘ 606.” 

Antimony tartrate was given intravenously to three cases (Appendix 
XX XIT.); the dose was 1 grain in 10 c.c. normal saline. No effects were 
noted either in the patient or on the number of parasites. 

Atoxyl, 1 grain in 10 ¢c.c. normal saline, was injected on three 
occasions, twice in one patient ; no effects were noted. 
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Quinine bihydrochloride, five grains in 2 c.c. distilled water, also 
intravenously, had no appreciable effect on the microfilariae. 

O’Brien*® has reported a case in which after injection of atoxyl the 
microfilariae decreased in numbers, but did not entirely disappear. His 
figures are not very convincing. Leber and Prowazek noted no diminu- 
tion in their numbers following on injections of thymol, quinine, 
methylene blue, and *‘ 606 ” 

Treatment of enlarged glands by radium has been advocated by 
Havelock Charles;* the glands in his case diminished in size, but as to 
any effect on the number of microfilariae, no mention is made. 

Injection of Staphylococcus aurcus vaccine (obtained from a  filarial 
abscess) was tried as a sort of forlorn hope, on the speculation that the 
absorption of the toxins of pyogenic organisms might have some pre- 
judicial influence on the microfilariae; the result was negative 
(Appendix XXXII. and charts). 


XXV. The absence of microfilariae from the blood in the case of 
undoubted infection with living filariae requires explanation ; 
a similar apparent anomaly occurs in other filarial infections 
in man, e.g. in /2laria Joa and in Filaria volvulus. 


In a case reported by Argyll-Robertson® of an adult male of Filaria loa 
in the eye, and which was described by Manson, no microfilariae were 
found in the blocd, although the patient suffered from Calabar Swellings 
and a gravid adult female worm was subsequently removed from 
the eye. 

Thompstone®* described Calabar Swellings as occurring frequently in 
cases where no microfilariae could be found in the blood. Low describes 
several cases in which the patients suffered from Calabar Swellings, and 
in whom there was proof of the presence of this parasite, yet no micro- 
filariae could be found in the blood. Manson also describes several 
instances of a similar nature, and commenting on the fact, observes that :— 

(1) The microfilariae may be present in the blood in numbers so small 
as to be missed. 

(2) The microfilariae may be only intermittently discharged from the 
parental uterus or intermittently circulating. 

Lastly, Manson**, in a case with microfilariae and Calabar Swellings was 
able to demonstrate in great numbers microfilariae in a drop of tissue 
juice obtained by aspiration from the centre of one of the swellings. 
This fact lends support to his hypothesis that the emission of the embryos 
by the parent worm into the connective tissue is the cause of these swellings. 
He considers that these swellings represent a tissue reaction in the interests 
of the parasite, since it must lead to a flow of lymph to and from the part 
in which the microfilariae are emitted, and so assist them to reach the 
circulation. This does not explain, however, the absence of micro- 
filariae from the blood in those numerous cases in which the Calabar 
Swellings are of frequent occurrence, yet no microfilariae can be found 
in the circulation, it may be for years after the first attack and while the 
swellings continue to recur. If this pathological effect of the parasite 
be really produced in the way Manson has conjectured, then in a very large 
proportion of those cases the object, so to speak, of the act—namely, the 
lodgment of the embryos in the blood—is defeated, and we must conclude 
that it is thwarted by some other factor, of which we are still ignorant. 
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A similar condition exists in infections with Filaria volvulus, in which the 
microfilariae are never found in the blood-stream, but in numbers in the 
connective tissue in immediate proximity to the parent worm. 

In the case of Filaria bancrofit it is conceivable that the embryos, if pro- 
duced in the centre of a fibrosed gland, where the opportunities of entrance 
and egress are very limited, may be unable to reach the circulation, even 
should they escape from the gland in which they were born (the epitroch- 
lear gland for instance), for they must necessarily pass through other 
lymphatic glands, where they stand a further chance of being arrested. 

The embryos produced by adult filariae lying in lymphatic channels and 
glands in the interior of the body, having a route with proportionately 
fewer obstructions to traverse, are more likely to reach the blood-stream 
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PHOTOGRAPH XVII. 


Probable main breeding place of Stegomyia pseudoscutellaris in oma-Loma 
on Vanua Balavu. A brackish creek, flanked with mangroves and other vegetation, 


flowing through the native town. 


than are those coming from the extremities. In this may lie the explana- 
tion of those cases exhibiting numerous microfilariae in the blood, but no 
other objective symptoms of filarial infection. 

Where the lymphatic channels have been the seat of a filarial invasion 
over a considerable period, there is bound to be a degree of fibrosis 
commensurate with the duration and intensity of that invasion, and any 
embryos produced on the distal side of that obstruction will have a pro- 
portionately diminished chance of gaining the circulation. In this or 
in similar ways the frequent absence of larvae from the circulation in gross 
filarial disease may be best accounted for. 


81 


XXVI. and XXVII. Surgical and Medical Treatment of Filarial 
Disease is unsatisfactory. 


Mosquito destruction, carried out on the same lines as for malaria 
or yellow fever, is the only means likely to prove of service 
in mitigating this important form of helminthiasis. 


Surgical treatment of filarial diseaseisat best only palliative. Moreover, 
operation for elephantiasis scroti is often followed by a similar condition 
of the leg. In nearly every instance where, in the course of this inquiry, 
large masses of glands were removed, a haematocele or a lymphocele 
formed at the seat of operation. Medical treatment is even less 
satisfactory. 

Although we know something of the pathological effects of this parasite, 
it is probable that further research will show that yet other pathological 
conditions are to be ascribed to its presence. 

The increasing prosperity of these islands is attracting more. white 
settlers every year. In certain districts a large proportion of whites are 
infected with the filaria, and are thereby exposed to a great deal of 
inconvenience, if not danger to life. As I have endeavoured to show, 
nearly all the natives are infected. 

Manifestly, in view of the future of these islands, it is important that 
measures be instituted to combat so grave an infection. The special 
recommendations which occur to the writer are based on the following 
facts :— 

Stegomyia pseudoscutellaris, the commonest mosquito in the Fiji group, 
is the chief carrier of the local filaria. I have endeavoured to learn some- 
thing of its habits. My observations are detailed in Appendix XX XIII. 
S. pseudoscutellaris is a strictly day-biting species, and is especially 
abundant in mangrove swamps. Its food appears to consist entirely of 
blood; there was no proof that it obtains its nourishment in any 
way from the mangroves. Dilute copper sulphate solution (1 gr. to the 
gallon) is very prejudicial to the life of the larva. 

My recommendations are :— 

(1) In towns and villages white settlements should be separated by a 
considerable space from the native quarters, which, as in the case of 
malaria, act as a constant source of infection. 

(2) The neighbourhood of sluggish and brackish creeks should be 
avoided as much as possible, and their banks should be kept clear of 


vegetation. 

(3) The mangroves on the foreshore of all larger towns should be cut 
down. 

(4) Large collections of water such as reservoirs, which cannot be 
screened or drained, should be treated with copper sulphate in weak 
_ solution (1 gr. to the gallon, which is considerably less than the strength— 
1 in 50,000 --used in reservoirs in England) to keep them free from algae 
and other vegetation, as well as larvae. The strength of the copper 
sulphate must be kept up by frequent additions after heavy rains. 

(5) Mosquito nets being of little use in the case of day-biting mosquitoes, 
mosquito-proof houses, or at least one mosquito-proof room in each house, 
should be a more frequent feature in the country districts than at present. 

IT may remark that stegomyiae are found elsewhere than in the swamps, 
but nowhere in such prodigious numbers. They do not breed in the 
mangrove swamps in which the water is very salt. The vast numbers 
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often present in such localities were found to depend on the direction of the 
prevailing wind; they had been blown from the nearest appropriate 
breeding ground. ae 

The breeding ground of S. pseudoscutellaris is fresh, or, preferably, 
brackish water, such as occurs in the creeks to be found running through 
every Fijian village (Phot. XVII.), especially in the eastern islands. 
The favourite breeding season is in the hot months (November—February). 
The pupae hatch out eight days after oviposition. The food of the 
larvae appears to be mainly decaying vegetable matter. The larvae 
were not found in any number in the wells and other collections of fresh 
water in the villages, although in such water Culices were found to be 
breeding freely. 

I may mention that a few of the wild stegomyiae caught outside the 
native town of Loma-Loma, on Vanua Balavu, were found to be infected 
naturally, and that large filaria larvae were found in celloidin sections of 
an insect caught on an uninhabited islet in Suva harbour. 


SUGGESTIONS FOR FURTHER WoRK ON FILARIASIS. 


The following suggestions for further investigations on filariasis in 
the islands of the Pacific have occurred to me :— _ 

(1) If Filaria bancrofti and the filaria found in Fiji be really the same 
species, can the periodicity of the imported microfilaria bancrofti be dis- 
turbed by long residence in these islands ? | 

(2) Does the periodic variety of Filaria bancrofti normally occur in 
any of the islands of the Pacific, and if so, what are the chief mosquito 
intermediaries in these islands ? 

(3) The explanation of the apparent relative inefficiency of Culex 
fatigans as an intermediary host in Fiji. 

(4) The exact pathology of filarial lymphangitis. 

(5) More detailed research on the pathology of elephantiasis. 

(6) Determination of the life-span of the microfilaria by injection of 
human blood containing the parasites into a monkey, or a filaria-free man. 

(7) The stages of development of Filaria bancrofti following its entrance 
into the human host, and the route it traverses from the skin. 

(8) The explanation of the supposed cessation of attacks of lymphangitis 
on leaving the endemic area. 

(9) The determination of the respective geographical ranges of 
Stegomyia pseudoscutellaris and the non-periodic filaria. 

(10) The determination of the microfilaria, the adenitis and elephantiasis 
rates of all the Pacific Islands. 

(11) The determination of the cause or causes of filarial periodicity. 

(12) How comes it about that, in those places where reinfection of 
individuals must be constantly going on, cases of extreme degrees of 
hyper-infection are not more frequent? 

(13) In explanation of the absence of microfilariae in the blood of 
persons manifestly filariated, my observations suggest the following 
hypothesis : The majority of the larval filariae placed on the skin find 
their way into lymphatic vessels, and so into the glands, where, though 
arrested, they continue to develop and attain maturity. In consequence 
of the fibrosis they determine, or other cause, these filariae fail to get their 
young into the circulation. Perhaps, as sometimes happens, an anasto- 
mosis of lymphatic channels is established. I suggest that, as a rule, it 
is only,.or especially, those filariae which attain and live in lymphatic 
channels unguarded by glands, that succeed in getting their young into 
the blood. ‘To support this hypothesis I suggest careful search in the 
type of lymphatic vessel referred to, especially the thoracic duct. 


MEAN maximum and minimum temperatures 
years, 1894-1909, at Suva, Fiji :— 


Maximum. Minimum. 


January 
February 
March 
April 
May .. 
June 
July .. 
August 


September am 


October 
November 
December 


85 


APPENDIX I. 


87°5 
88°6 
87:9 
84°7 
82°2 
80°5 
79°5 
78°8 
81-4 
82°3 
83°4 
86°3 


and rainfall for fifteen 


Rainfall. 
72°6 11°636 inches 
73:0 15°324 - 
73°6 11°766 rs 
gees 7457 = 
70°8 8°33 eo 
70°7 2133 Pe 
68:0 2°633 is 
67°4 4°958 . 
69°9 4°256 A 
69°7 9-169 .,, 
VARS 21°42 - 
Aaa 12°902 x. 


A. Case Solomoni— 
No signs or symptoms of filarial 


APPENDIX II. 


To show variation in the number of microfilariae in different slides 
each containing 16 c. mm. blood taken from the same individual, and 


at the same time of day—Fijian blood :— 


disease. 
Date. Time. 
3. slides OLN AO 10 a.m, 
12 slides 5.XIT.10 2p.m. 


B. Case Tiveta Tailemaitonga— 


No. of microfilariae present in 
peripheral blood :—27, 73, 61: 
Average 53. 

67, 59, 57, 57, 55, 49, 46, 44, 40, 
36, 32, 28: Average 47. 


No signs or symptoms of filarial 


disease, 
Date. 
6 slides 14.VITI.10 
12 slides 23.11.10 


Time. 
2 p.m. 


2 p.m. 


C. Case Enere Bose— 
Repeated attacks of orchitis and 


adenitis 


12 slides 


Date. 
29.V1.10 


Time. 
12 a.m. 


294, 255, 239, 236, 234, 134, 202: 
Average 226. 

120, 113, 92, 82, 72, 69, 68, 52, 50, 
48, 43, 42: Average 71. 


7, 6, 5, 5, 5, 4, 3,2, 2, 1,0: Average 
2:3. 


q¢ 2 


D. Case Sijane— 


Synovitis of hip-joint. 


Date. 


8 slides 14.VI1.10 


E. Case Isaiah— 


Enlarged epitrochlear glands, 


multiple abscesses. 


Time. 
2 p.m.* 


69, 65, 64, 51, 42, 30, 28: Average 
49, 


Date. Time. 
12 slides DOV ULOe 2 am: TAT Ua103,.86, LOL S301 Oe Oman. 
65, 66, 79 : Average 80. 
F. Case Sutherie— 
Solomon Islander. Filaria 
nocturna, 
Date. Time. 
6 slides 18.VIII.10 10 p.m. 5, 19, 25, 15, 15, 15: Average 15. 
a 22 VLVLO ae LO0p. ms 1,4, 4, 10, 12; 14: Average 7. 
- 23. VILL1LO V10%p-m: 12, 13, 18, 24 .25, 25: Average 18. 
be 24.VIII.10 10 p.m. 229, JOS Voele eA veracesLOe 
= 25. VITT 107 10 p.m. 19, 12.26, 13, 9, 10: Average 1b. 


APPENDIX III. 


SHOWING number of Male Fijians harbouring microfilariae in their blood 
at different ages. The calculations have been made from blood examina- 
tions made in the day-time only. The youngest examined for microfilariae 
was under a year, the oldest was computed to be over 85 years ; neither 
of these was infected :— 


Age. Number Number Percentage 
examined. infected. infected. 
Under 6 years 23 0 0 per cent. 
6-10 __,, 49 1 2°04 - 
10-20 __,, 222 35 15:7 > 
20-30 _,, 212 74 yl ¥ 
30-40 __,, 118 56 47°5 9 
40-50 __,, 83 37 45°7 3 
50-60 __,, 58 26 44°8 - 
60 years and over 39 16 41-0 > 
804 245 30°4 per cent. 


Included amongst these were: twenty-four natives of pure Tongan blood, 
resident in Fiji; four natives of pure Samoan blood, resident in Fiji; 
one native of Futuna; and one native of New Hebrides. | 

The youngest male Fijian harbouring microfilariae was 8 years ; he 
had only one microfilaria to 16 c. mm. of blood. The next youngest was 
10 years; he had five microfilariae. The oldest was about 70 years, 
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With the possible exception of those who have been educated in New 
Zealand and Australia, no Fijian knows his own age, so that the ages 
given in this table must be regarded as approximate only. 


APPENDIX IV. 


SHowrnG number of Female Fijians harbouring microfilariae in their 
blood at different ages. The calculations were made from day blood. 
The youngest examined was a year old; the oldest was computed to be 
about 80. 


Age. Number Number Percentage 
examined. infected. infected. 

Under 6 years 12 | Sa per cent 
6-10 _,, 44 3 68 y 
10-20 —_,, 125 29 23°2 Fe 
20-30 ,, 157 33 21:0 - 
30-40 __,, 86 21 24°4 33 
40-50 ,, 40 10 25:0 S 
50-60 __,, 34 8 23°4 . 
60 years and over 18 8 44°4 * 

516 113 23°8 per cent. 


Amongst these were: twenty-eight natives of pure Tongan _ blood, 
resident in Fiji; three Samoans, resident in Fiji; three Fijian-European 
half-castes ; and one Samoan-European half-caste. 

The youngest female Fijian harbouring microfilariae was five years of 
age. ‘The glands in both groins were enlarged, as were also the epitroch- 
lear glands on both sides. She had fifty-seven microfilariae in 16 c. mm. 
of blood. Two girls of 8 years were found with microfilariae, but neither 
of them had enlarged glands or other signs of filarial disease. A child of 
24 years was scen with epitrochlear glands on each side the size of a 
thrush’s egg, for which no cause could be ascertained. Microfilariae 
were not found in her blood. 

The Fijians, although they are not permitted by the Government to 
leave the group for any of the white colonies unless a sum of £100 is 
deposited as a surety for their safe return, are great travellers amongst 
their own islands. For an estimation of filarial incidence it is there- 
fore desirable to know whether in any given individual the infection 
may possibly have been contracted in some other country. Thus, of the 
total number of male Fijians, twelve had visited Tonga, thirteen had 
visited Tonga and Samoa, three the island of Rotumah (300 miles north 
of Fiji), two had visited New Zealand, three Samoa alone, four Australia, 
one Australia and the Solomon Islands, and one Tonga, Samoa, the 
Solomon islands and Tahiti. Sixteen of the Tongans had revisited their 
native island, and one Samoan his. Thus, in this total of 804 men 
examined, only fifty-eight had ever been out of Fiji. Of the 516 women, 
six had visited Tonga and Samoa, one Samoa alone; eleven Tongans 
had visited Tonga and two Samoa. 
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APPENDIX V. 


Givine further details, not mentioned in the text, of the discovery of 
parental forms. 

(1). Fijian male, aet. 24.  Filarial abscess situated over right 
epitrochlear gland. Excision. One perfect female was found, apparently 
recently dead (could not be revived on heating). Uterus packed with 
embryos and ova. Many live microfilariae found in blood and in exudate. 
Anterior end of another female found, whose uterus was also packed 
with microfilariae. The cuticle of the perfect female was slightly torn, 
and from the rent protruded one of the uterine tubes discharging ova and 
embryos. Length of female, 65 mm.; breadth, ‘177 mm.; distance of 
vaginal orifice from anterior extremity, ‘76 mm. 

There were present in the circulation 100 microfilariae per 16 c. mm. in 
the day-time and a similar number at night. After removal of the adults 
the number of microfilariae present did not diminish (vide Periodicity 
Chart XX.). 


(2). Fijian male, aet. 24. Enlarged epitrochlear gland (right arm), 
size of a pigeon’s egg, hard and moveable; no other signs of filariasis. 
Numbers of slides of measured blood examined; no microfilariae were 
found. Two c.c. blood abstracted from median basilic vein into | per cent. 
citrate solution and centrifuged ; no microfilariae found. The gland was 
carefully excised. The capsule was thickened and very vascular. The 
efferent and afferent lymphatics were large and apparent. The gland 
was bisected, and several active filariae were found in the centre. Some 
had been torn in the dissection. Parts of five females were found, still 
moving actively, with the uterine tubes and alimentary canal protruding 
through the cuticle. Five additional perfect females were isolated, and 
two perfect males, besides a third lacerated specimen. Two males and 
two females were placed in watch-glasses with normal saline in the incu- 
bator at 37C., and kept for one-and-a-half hours. At the end of that time 
it was found that the two females had coiled themselves up to such an 
extent that they could not be unravelled, and broke up in an attempt 
to do so. One male with protruded spicules was found coiled round a 
female. The tail end of the male was lying near the vaginal orifice of the 
female, from which I infer they had been in coitu when discovered. The 
remaining three females and two males were measured in normal saline, 
by warming which the worms became inactive, and lay stretched out in a 
position favourable for accurate measurement when the superfluous 
saline was blotted away. Two females, one small, were found coiled up 
in the cortex of the gland; at first they seemed dormant, but both 
became active when placed in warm saline solution. They were ina cyst- 
like structure, surrounded by a putty-like material which, when examined, 
was found to consist of some crystalline substance and great numbers of 
eosinophile cells. Altogether thirteen live filariae were taken out of this 
gland. No microfilariae were found in the gland juice or in sections. 
Six c.c. of blood were abstracted from a vein six months afterwards, but 
still no microfilariae could be found. The filariae, after measurement, 
were plunged into hot 70 per cent. alcohol for preservation and trans- 
mission to Dr. Leiper of the London School of Tropical Medicine. 

Measurements as follows :-— 

if Female. Length, 55 mm.; breadth, -222 mm. ; distance of 
vaginal opening from anterior extremity °69 mm. 
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2. Female. Length, 65 mm.; breadth, -206 mm.; distance of 
vaginal opening from anterior extremity, .69 mm. 

3. Immature female. Uterus contained only ova, no ripe em- 
bryos. Length, 42 mm.; breadth, -1824 mm.; distance of 
vaginal opening from cephalic end, 64 mm. 

None of the microfilariae observed emerging from the vaginal orifice 
of the female showed any signs of life when under microscopic 
examination. 

(1) Male. Length, 29 mm.; breadth, 1296 mm. 

(2). Male. Length, 25 mm.; breadth, -129 mm. 

The entire length of two spicules which protruded from the cloaca of 
these males was measured. The larger measured °432 mm., the 
smaller -2 mm. 

(3). Tongan, aet. 36. Matted mass of epitrochlear glands was removed 
from an otherwise normal subject who, five days previously, had had 
an attack of filarial fever. The mass consisted of two glands, and was 
about the size of a pigeon’s egg. Frequent examination ascertained 
that microfilariae were absent in the circulation. In the capsule of one 
gland part of arecently severed and still active male was found, measuring 
only ‘087 mm. in diameter. 

In the centre of the glandular mass was a small immature female with 
uterus packed full of immature ova. 

Immature female. Length, 31 mm.; breadth, 135 mm.; opening of 
vagina from cephalic end, -435 mm. 

No microfilariae were found in the gland juice. 

(4). Fijian male, aet. 30. Mass of enlarged inguinal glands (oblique 
set) on the right side, removed at operation. The glands were hard 
and shotty. There was also a mass about the size of a duck’s egg on the 
left side. Numerous slides made from blood before and after operation, 
but no microfilariae could be found ; 1 c.c. blood abstracted from cephalic 
vein and centrifuged gave a negative result. The mass, when removed, 
was found to consist of several glands matted together, each showing on 
section an adenomatous cortex and a fibrous medulla. Several dead 
and calcified filariae were found in the gland, and also an immature 
but perfect female having a small rent in the cuticle from which the 
uterine tubes protruded. No microfilariae were found in smears of the 
gland-juice. 

Immature female. Length, 50 mm.; breadth, :15 mm.; opening of 
the vagina from cephalic end, -434 mm.; opening of anus from posterior 
extremity, °25 mm. 

Male. Length, 25 mm.; breadth, ‘(09 mm. 

(5). Fijian male, aet. 30. Mass of pedunculated groin glands (vide 
Phot. VII.), size of a man’s fist, removed at operation. Out of this mass 
the two largest and very vascular glands, measuring 9 cm. by 5:5 em., 
and consisting of a fibrous medulla and adenomatous cortex, were dissected 
(Vide Pl. IL.). Great numbers of calcified filariae were found in the 
centre. An active female and part of a recently dead male filaria were 
found. From the vaginal orifice of the former great numbers of 
apparently dead microfilariae emerged. The uterine tubes protruded 
through a small rent in the cuticle in the posterior part of the worm. 

Two c.c. blood from the median basilic vein were centrifruged in 
citrate solution, and numerous ordinary blood slides were examined, 
but no microfilariae were found. Smears of the gland juice also were 
equally barren. 
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Adult female. Length, 50 mm.; breadth, ‘128 mm.;_ vaginal 
orifice from anterior extremity, .69 mm. 


(6). Fijian male, aet. 45, who died of pulmonary tuberculosis. Patient 
had been under observation for ten months. Unripe embryos and sheaths of 
microfilariae had been from time to time obtained from enlarged groin 
glands by puncture. When first seen, in March, 1910, the blood contained 
no microfilariae, though they were searched for repeatedly ; 2 c.c. were at 
this time abstracted from median basilic vein into citrate solution, and 
centrifuged with the same result. Eight months later one microfilaria 
was found in three slides of measured blood, and a few days later three 
microfilariae were found per slide; a twelve-hourly periodicity chart 
was kept, but no periodicity was detected. At the post-mortem only one 
microfilaria was found in smears made from spleen blood. Large mass 
of groin glands were dissected out post-mortem. 

In the centre of this mass a complete adult male and a complete female 
filaria, alive and active, were found. Portions of another dead male and 
another dead female were also found, besides portions of extruded uterine 
tubes packed with ova. A great many calcified filariae were also dis- 
covered. The uterus of the living female worm, although she was 
a large specimen, did not contain any embryos, but only ova, none of 
which were seen to emerge from the vaginal orifice. 

Adult female.—Length, 67 mm.; breadth, 153 mm; vaginal 
opening, ‘6 mm. from mouth; anus, ‘21 mm. from tip of 
tail. 

Adult male.—Length, 28 mm.; breadth, :090 mm. 


APPENDIX VI. 


SHOWING percentages of male and female Fijians of all ages infected 
with filarial disease ; comparison between the two sexes. 804 males and 
516 females examined. 


A. Microfilariae present: no clinical signs of filarial disease. 


Males. Females. 
77=9°5 per cent. 81=15°6 per cent. 
B. Microfilariae present ; signs of filarial disease. 
Males. Females. 
159=19-7 per cent. 33 =6'3 per cent. 
C. Microfilariae absent ; clinical signs of filarial disease present. 
Males. Females. 
287 =36'6 per cent. 95=18°4 per cent. 
Total filarial infection :— 
Males. Females. 
523=64°8 per cent. 209 =40°3 per cent. 


Under the heading of filarial disease I have included the following : 
Knlarged glands, especially groin glands and epitrochlears ; varicose 
groin glands; hydroceles ; enlarged testes; elephantiasis; arthritis 
of probable filarial origin, and frequently ending in ankylosis ; filarial 
fever and lymphangitis, when present at time of examination. Abscess 
mostly situated in groin, axilla and over internal condyle of humerus ; 


intramuscular abscess (in serratus magnus, latissimus dorsi and quadriceps 
extensor) of otherwise unexplainable origin, 


a 
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SuBDIVISIONS OF HEApiInGs B & C. 


B. Microfilariae present in association with signs of filarial disease. 


MALES: Tora 159. Microfilariae in 
Enlarged glands and. varicose groin glands 54-7 per cent. of cases. 
Hydrocele ; enlarged testes; elephantiasis ; 


filarial fever ; arthritis ae oS oe OOO) ie 
Abscess (occurred in 95 out of total number 

of this type of case) .. fe SOT. . 
Abscess only sign of filarial disease in 13 .. 8*1 7. 


Elephantiasis in 16, as follows: Leg 4; arm 3; 

arm and leg 2; scrotum 2; scrotum and leg 1; 

arm, leg and scrotum 3; arm and scrotum | 10°6 . 
Thickened lymphatics, felt as a cord in upper 

arm or thigh, in 10. In half of these it was 


the only sign .. 2 ee me onvere re | 
FEMALES: Totat 33. Microfilariae in 

Enlarged glands and varicose groin glands .. 54°5 percent.of cases. 
Elephantiasis ; arthritis ; filarial fever s. 90 “ 
Abscess (occurred in 18 out of total number of 

this type of case) : oA .. 54:5 - 
Abscess, only sign of filarial disease, im fo. ..., aor 3 
Elephantiasis, 2 cases—both of arm a= 620 i 
Thickened lymphatics in 3. rus ae of 

filarial disease in 1 .. te 0) 


Varicose groin glands are included with enlarged groin glands, seeing 
that only in one instance did the condition correspond with the 
published descriptions of this type of disease in some other countries. 
In Fijians these glandular swellings cannot to any extent be reduced by 
pressure. They are composed of greatly enlarged and fibrosed glands, 
often 2-3 inches in diameter, and situated in a tangled mass of 
lymphatic vessels. When punctured the lymph can be extracted, but 
only with difficulty. 

As superficial glands, especially the inguinal set, are usually enlarged 
in natives, I have not included any glands as “enlarged ” which were 
not bigger than a large pea. 


C. Microfilariae absent ; signs of filarial disease. 
MALES: Tora. 287. 


Enlarged glands and varicose groin 
glands .. In 60-2 percent.of total number. 
Hydrocele ; enlarged testes : - elephan- 


tiasis ; filarial fever ; arthritis 99 LAT a5 , 
Abscess. occurred in 108 of total 

number, i.e. oo eh = - 
Abscess the only sign of filarial disease 5 OF ; ~ 


Elephantiasis in 23, as follows: Leg 5; 
arm o> afm and leg 2; scrotum 8: 
scrotum and leg 3; arm, 6 and 
scrotum 2 .. acct 
Thickened lymphatics. in upper- arm 
and thigh. In one-half of these it 
constituted the only sign .. a LAS 


90 


FEMALES : Tora 95. 


Enlarged glands and varicose groin 


elands es. Be ae .. in 52°5percent.of total number. 
Hydrocele; enlarged testes ; elephan- 
tiasis; filarial fever; arthritis .. ,, 84 - a 
Abscess occurred in 43 of total 
number ,, 4£0°2 y ce 


Abscess the only sign of filarial disease ,, 12°6 _ es 
Elephantiasis in 6, as follows: Leg, 1; 

arm, 2; arm and leg, 2; breast, 1 ,, 6:3 6% ¥ 
Thickened lymphatics in 9. In 7 of 

these it constituted the only sign ,, 9°4 . z 


Elephantiasis rate for total Fijian population examined. 


Number examined, 1,320. Number of cases of elephantiasis, 47 ; 
Rate, 3°56 per cent. 
Of these 47, 18 had microfilariae in circulation = 38-2 per cent. 


MALES. 
Klephantiasis rate = 4°8 per cent. 
FEMALES. 
EKlephantiasis rate = 1°5 per cent. 
MALES. 


In 39 cases of elephantiasis, 41 per cent. had microfilariae. 
In 260 cases of glandular enlargement, 33°4 per cent. had microfilariae. 


FEMALES. 


In 8 cases of elephantiasis, 2, or 25 per cent., had microfilariae. 
In 71 cases of glandular enlargement, 22°5 per cent. had microfilariae. 


D. THe VALUE OF EPITROCGHLEAR GLAND AS A DIAGNOSTIC SIGN. 


1,264 cases were specially examined for presence of enlarged 
epitrochlear glands. These were found to be enlarged in 281 
instances; of these cases 97, or 34:6 per cent., harboured 
microfilariae. 184, or 65°4 per cent., had no microfilariae. 


These statistics include representatives of all the races residing in 
Fiji: Europeans, Fijians, Indians, Tongans, Samoans and Solomon 
Islanders. 


APPENDIX VII. 


TABLES showing relative percentage, at various ages, of those cases in 
which microfilariae were found in the blood, but who exhibited no signs of 
filariasis, to total number infected with microfilariae at the corresponding 
age. 

fo} 


MALES. 
Age. Number Number Percentage. 
intected. without 
signs 
1-10 .. oe ‘0 per cent. 
0420 © ty 3 Or see cd Lae ceo 
20-30%... 74 2, 25 ees eee 


30-40 5... (56 &), 197 sean 


ol 


FEMALES. 
Age. Number Number Percentage. 
infected. without 
signs. 

1-10... Ae es 3 75:0 per cent. 
10-20 29 22 75°8 as 
20-30 33 23 69°6 os 
30—40 21 12 57:1 a 


Ratio of those harbouring microfilariae, without clinical signs, to total filarial 
infection— 
Males. 
14:5 per cent. 


Females. 
38°7 per cent. 


APPENDIX VIII. 


SHOWING that the number of microfilariae present in the circulation is 
no indication of the severity of the lesions present. 


(1). With no sign of filarial disease : 


Below 5 micro- 5-20 micro- 20-100 micro- 
filariae per 16 filariae per 16 filariae per 16 
_¢.mm. blood. ¢.mm.blood. c. mm. blood. 
31:2 percent. 35:3 percent. 27:0 per cent. 


100-300 micro- 
filariae per 16 
ec. mm. blood. 
5°9 per cent. 


300 microfilariae 

or over per 
16 c. mm. blood. 
‘oO per cent. 


(2). 
Below 5 micro- 5-20 micro- 
filariae per 16 filariae per 16 


With signs of filarial disease : 


20-100 micro- 
filariae per 16 


100-200 micro- 
filariae per 16 


300 microfilariae 
or over per 16 


e. mm. blood. 
23°3 per cent. 


These include 
7 cases ele- 


ec. mm. blood. 


30°5 per cent. 


ithavetneluds 
3 cases ele- 


ec. mm. blood. 
32°0 per cent. 


These inelude 
5 eases ele- 


e.mm. blood. 
11:8 per cent. 


These include 
2 eases ele- 


c. mm. blood. 
2°4 per cent. 


These include 
1 enlarged & vari- 


phantiasis, phantiasis, phantiasis, phantiasis, cose groin gland 
5 hydroceles, 2hydroceles, 5 hydroceles, (227 micro- 2 abscess, 
2varicoseen- 4enlarged& 6 enlarged & filariae), 2 enlarged 
larged groin varicose varicose 3 hydroceles, glands (hav- 
glands, groin glands, groin glands, 5 enlarged & ing 430 and 
4 enlarged 2 enlarged 1 enlarged varicose 427 micro- 
testes, testes, testis, groin glands, _filariae in 
6 abscess, 20 abscess, 16 abscess, 7 abscess, blood respec- 
21 enlarged 25 enlarged 25 enlarged 6 enlarged tively). 
glands. glands. glands, glands. 


2 arthritis. 


The highest count registered was 469 microfilariae per 16 c. mm. 


blood ; the patient, a man, showed no signs whatever of filarial disease. 


— oo ~ ae * - a a ee i ee ee ae 
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APPENDIX IXe. 


Frequency of Intestinal Parasites amongst Fijians. 
Examination of 209 stools :— 


156, or 74:6 per cent., had ova of some intestinal parasite ; 
58, or 27°8 per cent., had ova of Ankylostoma duodenale or 
Necator americanus ; 77, or 37:2 per cent., had ova of T'ricocephalus 
dispar; 21, or 27:2 per cent., had ova of Tricocephalus and 
Ankyolstoma. 


Ova of Ascaris lumbricoides were found only three times, twice being 
in association with Tricocephalus and Ankylostoma. Ova of Cestodes 
were not found at all. 


‘There is considerable variation in the percentages of Fijians infected 
in different districts. 


1. Nasinu School. Boys 8-18 years: near Suva. Seventy-three 
examined. 42°4 per cent. had ova of parasites ; 30°1 per cent. had 
Ankylostoma duodenale ; the rest, T'ricocephalus dispar. 


2. High School, Suva. Between 6-14 vears of age. Thirty-two 
examined, male and female. 71:8 per cent. had ova of parasites ; 
40°6 per cent. Ankylostoma duodenale; the rest, T'ricocephalus 
dispar ; two had Ascaris ova. 


3. Boys’ School, Lakemba, Lau group. Males between 8-18. 
Forty-seven examined. 46:8 had ova of parasites ; 42°7 per cent. 
had ova of Tricocephalus dispar; only 4:1 per cent. had ova of 
Ankylostoma duodenale. 


Of seventeen adult worms removed post-mortem from three Fijians 
Dr. Leiper has ascertained that no fewer than fourteen are adult 
Necator americanus. 
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Chart to APPENDIX IXg.—Four Hour Chart of /laria loa (micro- 
filaria with a diurnal periodicity) from West Africa. 


Name: A.C.D. Race: European male, aet. 37, infected in West Africa. 


Symptoms : Adult worm in eye, Calabar Swellings. 


This case was studied in the London School of Tropical Medicine, and is placed here 
to show that there is no apparent relation between the number of microfilariae and the 
number of eosinophiles in the finger blood taken at the same time. 
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| APPENDIX X. 
Further details of cases mentioned in the text. II. (d). 


1. Orchitis ; adenitis ; disappearance of miicrofilariae ; psoas 
abscess; abscess of hip-joint ; sapraemia; post-mortem 
examination. 


Fijian male, act. about 20. Admitted to hospital on February 5th, 
1910, with a history of pyrexia, pain in his right thigh and right testicle. 
The temperature in the right groin was 105° F., a degree higher than 
in corresponding axilla. Pulse 120. 

The tongue was furred and dry, and the man looked ill. 

The right testis was enlarged, hot and tender, and the epididymis 
could be distinctly felt. The inguinal glands on the same side were 
enlarged and very tender. These glands were punctured, and smears 
and two cultures were made from the fluid obtained ; it proved sterile. 
Slides of blood averaged two microfilariae per 16 c.mm. In the smears 
from the glands four microfilariae, corresponding in appearance with 
those found in the blood, were found. The urine showed a faint cloud 
of albumen on boiling. The temperature remained of a hectic type, and 
was constantly one degree higher in the right groin than in the opposite 
groin or in the axilla. Four days after admission the groin glands were 
punctured again, but no microfilariae could be found in the juice, nor 
from this date onwards could any be found in the blood, though repeatedly 
searched for—blood slides being taken four-hourly for twenty-four hours, 
nor in 2c.c. of blood abstracted from a vein and centrifuged. Two 
weeks after admission the symptoms became more definitely located 
to the hip-joint. The patient lay with hip flexed and everted, and there 
was intense pain on jarring the knee. The testis had regained its normal 
size, but the groin glands still remained enlarged and painful. An 
indefinite mass could now be felt above Poupart’s ligament on the right 
side. The patient became very emaciated and assumed a septic 
appearance. The left leg became greatly swollen, measuring six inches 
more in circumference in the middle of the thigh than on the right. 

Six weeks after admission pus was obtained by puncture of the inguinal 
glands. Smears showed no microfilariae; but chains of streptococci 
were met with, which, on blood agar, grew a pure culture of Strepto- 
coccus pyogenes. An operation was performed. From an incision below 
the adductor longus, two pints of thick greenish pus escaped, from which 
Streptococcus pyogenes was grown in pure culture. The abscess proved 
to be burrowing extensively into the substance of the hamstring muscles 
and upwards into the abdomen. The femur was found eroded and 
necrosed in places. One enlarged inguinal gland removed showed on 
section intense inflammatory changes, but no filarial remains were found 
either in the glands or in the centrifuged pus. Leucocytosis at this 
stage amounted to 10,000. No eosinophiles could be found ; their seeming 
absence was explicable by the polymorphonuclear leucocytosis. 

A month after the operation the patient died, probably from septic 
absorption. 

Post-mortem. 


At the post-mortem the operation wound was gangrenous. On passing 
a finger upwards the neck of the femur and acetabulum were found to 
be bare. All the organs in the thorax and abdomen were healthy. 
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There were no intestinal parasites. The mesentery and thoracic duct 
were removed and teased out in normal saline, but no filariae were 
present. All the lumbar glands were enlarged and injected. No dila- 
tation of the lymphatics in front of the aorta was noted. There was 
most extensive necrosis of the pelvic girdle and acetabular cavity. The 
crest of the ilium was eaten away to a depth of 2 mm. On opening 
the hip-joint the whole of the cartilage of the head of the femur was 
eroded and the acetabulum cavity a mass of gangrenous shreds. From 
thence fistulae led in all directions, some along the ramus of the pubes, 
others beneath Poupart’s ligament into the hamstring muscles. The 
femoral artery and vein had alone escaped destruction. ‘The process 
had extended through the obturator foramen, where all the vessels 
and nerves were destroyed. The greater part of the adductor muscles 
and periosteum of the neck of the femur were destroyed. The psoas 
and iliacus muscles were entirely destroyed by the same process. No 
erosion of the vertebrae was noted. Testes and spermatic cords were 
carefully examined and found to be healthy. All the connective tissue 
in thorax and abdomen and muscles of both thighs were carefully searched 
for remains of parental worms, but none were found. No microfilariae 
were found in smears from various organs, nor in sections of lung tissue. 
The brain and membranes were found to be normal. There was a 
thrombosed posterior auricular vein on the left side, containing a small 
quantity of bright yellow pus. 


2. Lymphangitis and orchitis. Disappearance of microfilariae 
from blood—stream. Adult filariae found in sections made 
from excised inflammatory mass (PI. III.) 


Fijian male, qaet. 36. Sudden pain in left testicle. Temperature 
of left groin 105°6° F., in axilla one degree lower. Respiration rapid. 
Left testis enlarged and acutely painful; spermatic cords thickened. 
Urine when first passed very thick with phosphates; no albumen; no blood. 

Microfilariae at 10 a.m. two per 16 c. mm., at 10 p.m. ten per 16 c. mm. 
A four-hourly chart made of the microfilariae over a period of three 
days showed they were always present in small numbers. On the fourth 
day, when the temperature was 101-2 F. they disappeared from the 
circulation and were never found subsequently. With the abatement 
of the symptoms in the testis, the left arm suddenly became swollen 
from just above the wrist to the upper arm. There was a brawny 
infiltrated mass over the internal condyle, which was very hot and tender. 
This mass was punctured and one microfilaria was found in two smears 
of the lymph, which afterwards proved sterile on culture. Inflamed 
and thickened lymphatic cords could be felt extending along the brachial 
artery to the axilla. The lymphatics in the antecubital space were 
similarly affected. Five days after the first symptoms were noted in 
the arm the inflamed mass was dissected out, and on incising this about 
two minims of yellow purulent fluid exuded. Under a di secting micro- 
scope a mass of tangled and thickened lymphatics was seen coursing 
through the mass. No microfilariae were seen in the exudate, but, on 
section, portions of an adult (apparently male) worm were found 
in a lymphatic Space urrounded by round-celled infiltration and oede- 
matous inflammatory tissue (Pl. III.) Amongst the round cells a great 
many eosinophiles were noted. No cocci or other organisms could be 
demonstrated by appropriate stains. 
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3. Lymphangitis ;  orchitis ; adenitis ; disappearance of micro- 
filariae. 


Fijian male, about 26. Admitted with enlarged glands in both groins 
after an attack of lymphangitis. Microfilariae were present sparingly 
in the circulation, numbering 1-4 per 16 c.mm. Eleven months later 
he was re-admitted with inflammation of glands of right groin. Tem- 
perature 101°-4 F. Glands of groin enlarged and tender; tenderness 
on deep palpation in both iliac fossae. Both testes were normal. 

Rigor whilst in hospital. Temperature 101° F. ; vomiting ; pain started 
in glands of right groin and shot down to the knee. Gland juice obtained 
by aspiration showed no microfilariae, and was sterile on culture. 
Leucocytes were 16,500, red cells 4,850,000; eosinophiles 4 per cent. 
Microfilariae in the blood averaged five per 16c.mm. The temperature 
remained raised, and a typical attack of orchitis on the right side set 
in. The groin glands still remained painful. The next day, when the 
temperature had become normal, the testes were still swollen. The 
leucocytes numbered 7,100, the eosinophiles 8 per cent., and now the 
microfilariae had disappeared and could not be found on subsequent 
examination. It is to be noted in this case that the microfilariae dis- 
appeared whilst the temperature was normal. 


4. Lymphangitis and adenitis in a European; disappearance of 
microfilariae. 


European male, aet. 52. Twenty-two years resident in South Seas. 
History of repeated attacks of lymphangitis, and of abscess in axilla 
sixteen years ago. Enlarged testes two years. Enlarged groin glands 
two years. Old malarial spleen (infection contracted in Mauritius 
in 1884). Tertiary syphilitic scars and gummata. Enlarged liver 
(alcoholic). Aortic regurgitation. The glands of both groins were 
enlarged to size of pigeons’ eggs and were very hard. There was a small 
hydrocele on the left side. Mlicrofilariae were present in circulation, 
five at 10 a.m. per 16 c.mm., and two at 10 p.m. Four days after 
admission his temperature rose to 100° F. He had pain in his left thigh, 
followed by an attack of lymphangitis in the corresponding leg. The 
leg was marked by red indefinite lines extending from internal malleolus 
to saphenous opening. Leucocytes numbered 10,000 and eosinophiles 
5 per cent. The microfilariae were still present. The following day 
the left leg was distinctly larger than the right, and very painful to the 
touch. The temperature still remained raised. Four days after the 
initial attack the temperature became normal, and the lymphangitis 
had disappeared, leaving a hot, tender swelling over the internal 
malleolus. Aspirated gland juice from inguinal glands showed no 
microfilariae. A fortnight later he had a rigor in the middle of the night, 
followed by an attack of lymphangitis in the left leg. Temperature 
102° F. Red streaks were seen coursing up the leg from the internal 
malleolus to the saphenous opening. Groin glands were enlarged, but 
not tender. No orchitis. Microfilariae still present in the circulation. 
The attack lasted a week, during which the temperature was raised. 
The erysipelatoid inflammation remained confined to the dorsum of 
the foot towards the termination of the attack. The blood was examined 
after the temperature had become normal, but no microfilariae were 
found again. Two months later he was visited in a native village in a 
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remote island, where he lay in a dying condition from heart failure. 
No microfilariae were found in his blood. He had not had any more 
attacks of lymphangitis. The only trace remaining of the last two 
attacks was a slight thickening over the internal malleolus. The 
inguinal glands were no bigger than before. A short time after this 
the patient died. 


5. Orchitis and adenitis ; disappearance of microfilariae. 


Fijian male, aet. 30. Sudden pain in right testis. Temperature 
102°4° F., rising to 104° F. The right testis was swollen, retracted, and 
acutely painful. There was great tenderness and rigidity in right iliac 
fossa, apparently due to inflammation of the pelvic glands on that side. 
Microfilariae were present in the blood. A four-hourly chart of the 
microfilariae was kept; they were found to average 1-9 in slides of 
measured quantities of blood. The white cells numbered 11,500, red 
cells 4,612,000, eosinophiles 7 per cent. The left testis became affected 
immediately after the inflammation of the right had subsided, and there 
was pain and tenderness on palpation in the corresponding iliac fossa. 
On the third day the temperature became normal; the leucocytes numbered 
7,400, and eosinophiles 21 per cent. Microfilariae were still present. 
Three months later he was again admitted with a temperature of 104° 
F., pain in glands of left groin and left hip-joint. The inguinal glands 
were distinctly swollen. There was tenderness on palpation over left 
iliac fossa. The microfilariae averaged three per measured slide, the 
leucoctyes 17,400, eosinophiles 12 per cent. Cultures made from as- 
pirated lymph from the inflamed groin glands on hydrocele fluid and 
agar remained sterile. No microfilariae were found in the exudate. On 
the following day inflammation of the right testis set in, and was accom- 
panied by pain and tenderness in the right iliac fossa. The temperature, 
which had dropped to normal, rose again to 104° F. No microfilariae could 
now be found in the blood ; 1 c.c. blood was abstracted from the cephalic 
vein and centrifuged with a negative result. Thus they had disappeared 
completely from the circulation within twenty-four hours. None were 
subsequently found, though the blood was repeatedly examined during 
the ensuing month. 


6. Lymphangitis right leg ; disappearance of microfilariae. 


European male, aet. 43. Born in the Colony. History of repeated 
attacks of lymphangitis recurring every month. Rigor. Temperature 
103° F., followed by adenitis and lymphangitis of the right leg. The 
pain started in the glands of the right groin, which were enlarged and 
tender, red streaks running down the thigh. A hard, tender, inflammatory 
thickening was found situated at the mid-point of the thigh on the inner 
side, but there was no orchitis. The blood contained microfilariae 
sparingly, averaging about one per measured slide (16 c. mm.) Leuco- 
cytes were 21,800; eosinophiles 3 per cent. He was very anaemic ; 
ankylostoma ova were found in the stools. Cultures were made from 
the aspirated lymph from the inflammatory mass mentioned above 
and were sterile. The exudate contained no microfilariae, but a few 
lymphocytes. A second rigor, followed by a second attack of lymphan- 
gitis, was noted a day later. The starting point was apparently the 
inflammatory thickening in the thigh. There was great tenderness 


119 


on palpation over the right iliac fossa. The microfilariae had disappeared 
from the circulation and were not subsequently encountered. The 
temperature, after a few oscillations, became normal on the sixth day, 
the leucocytes now numbering 6,200, and eosinophiles 8 per cent. The 
thickening in the left thigh was still apparent at the time of his discharge, 
but the groin glands on the right side had become greatly reduced in size. 


7. Filarial Fever ; disappearance of microfilariae. 


Indian male, aet. 18. Born in Fiji. Admitted with a temperature 
of 105.8° F. No other clinical signs. Microfilariae exhibiting no periodi- 
city were quite numerous in the blood, averaging from 3-8 per measured 
slide. Temperature gradually fell to normal on the third day. Hight 
months later he was re-admitted in a similar condition. Only one 
microfilaria was found in three slides of measured blood. Nine months 
after the first attack of fever he was again repeatedly examined, but 
now the microfilariae had completely disappeared. 


N.B.—Nigns of acute bronchitis were almost invariably noted in these 
eases during the height of the fever. 


APPENDIX XI. 
PERIODICITY. 


A.—Fijians. Microfilariae in circulation. No periodicity. (When 
only one or two microfilariae are found in blood at 
night it must not be accounted as evidence of periodicity. 
Vide Appendix I.) 


372 Fijians, Samoans and Tongans. Measured quantity of blood 
taken 10 a.m. and 10 p.m. on day of examination. Of the 372 individuals 
mentioned, 114 had microfilariae. Of the latter, 91 had numbers of 
microfilariae, more or less evenly distributed in the blood both by night 
and day; 48 had more at night-time; 43 had more by day; 17 had 
microfilariae at night only, but of these 15 had a very scanty infection 
(2 had two microfilariae, and 13 had one only per slide). In one case in 
which they were most plentiful at night a four-hourly chart was kept, 
but no definite periodicity could be recognized (vide Chart IV.) Six had 
microfilariae by day only; of these 3 had a very scanty infection, never 
more than one microfilariae being found per slide. In three cases, in which 
more than one was found in the daytime, a four-hourly chart was kept, 
but no periodicity could be established (vide charts to follow). 


B.—Indian Immigrants. Fresh arrivals—nocturnal periodicity. 
Resident some considerable time—no periodicity. 


120 examined, 115 males and 5 females. Measured quantities of 
blood as before. 12 (10 per cent.) had microfilariae. Five had micro- 
filariae only at night in considerable numbers ; none of thes> had any 
signs of filariasis. These had been resident in Fiji 9, 3, 3, 2, 2 years 
respectively. As regards the first (9 years) there is some doubt, as the 
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patient talked only Madrasee and an interpreter could not be secured. 

It must be remembered that the great majority of the Indian popu- 
lation in Fiji are males, only one female being imported to every three 
males. 

Seven had microfilariae by day and night; two had signs of filarial 
disease, one filarial fever, the other hydrocele (fluid contained micro- 
filariae) and enlarged testes. 

As regards length of residence in Fiji, one was born in Fiji, the others 
had been there 30, 24, 20, 14, 9, and 4 years respectively. Of the 
remaining 107 without microfilariae only one had enlarged glands. 

There is only one Indian in Fiji known to be the subject of elephantiasis; 
he lives in a Fijian village on the island of Taveuni (vide map). 


C.—Solomon Islanders. Fresh arrivals show nocturnal filarial 
periodicity. Old residents show no periodicity. 


131 examined, 130 males and 1 female. 15, or 11:4 per cent., had 
microfilariae. 


Recent Arrivals. 


88 (ranging from 15 to 35 years of age) were new arrivals from 
their own islands (some had worked in Queensland before). The 
remaining 42 had been resident in Fiji for some years. 

In the new arrivals signs of malaria were found. 31 (35 per cent.) 
had enlarged spleens. Microscopical examination showed degeneration 
of the red cells in almost every such case ; crescents of the subtertian 
parasite were found only once. 

Of these 88 new arrivals 6 had microfilariae in considerable numbers 
at night only. One from New Caledonia had three during the daytime 
and twenty-eight at night. Another had two during daytime and 
forty-three at night. The two other Solomon Islanders had night 
filariae only ; they had been ten or more years resident in Fiji, and showed 
but scanty infections—only one and three microfilariae at night 


respectively. ‘The only signs of filarial disease in the six were enlarged 
glands in two cases. 


Older Residents. 


Seven had microfilariae in considerable numbers night and day. 
These had been resident 30, 30, 25, 20, 10, 10, and one only 2 years 
in Fiji, respectively. One had slight elephantiasis of both legs, one 
double varicose groin glands and hydrocele, one enlarged groin glands 
and testes. Among those with microfilariae there were ten cases of 
enlarged glands. 


No Solomon Island women are imported, only able-bodied men. 


European Residents : no periodicity. 


Thirty-five Europeans were examined. Seventeen came from the 
neighbourhood of Suva, where, being more civilized, they stood less chance 
of infection. The remainder came from the eastern or Lau group, where 
filarial diseases are rife, and where the Europeans are brought into more 
intimate contact with the natives. Twenty-two were males, thirteen 
females. Six, or 17-1 per cent., harboured microfilariae in equal numbers 
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day and night (all cases from eastern group). Five suffered from filarial 
diseases ; four had lymphangitis ; one multiple abscesses ; one had no 
symptoms whatever. Of those without microfilariae three suffered 
from elephantiasis of the legs (resident in Fiji 46, 37, and 13 years) ; 
one from lymphangitis, one from enlarged and varicose groin glands, 
two from enlarged glands. 

Fourteen of those examined were born in Fiji; one, suffering from 
symptoms of filariasis, had been there three years, the remainder ten 
to fifty years. 

In one place, Loma-Loma, on the island of Vanua Balavu, nine out 
of a total of eleven European residents were examined. Four of these 
were not infected. One (resident there one and half year) had 
lymphangitis and orchitis, but no microfilariae. Four had microfilariae, 
two lymphangitis ; one multiple abscesses ; and one old gentleman of 73 
had microfilariae without any other of the sign of the infection. 

This must not be taken as an indication of the prevalence of filariasis 
amongst the whites, for with the exception of Loma-Loma the 
whites examined were for the most part selected cases. Twelve of 
these, however, were nurses in the Colonial Hospital, born in Fiji, or 
their relations ; these cannot be regarded as selected cases. 
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Appendix XI.—CHART I.—Four Hour Chart of Filaria with no periodicity. 
Name: Samueli. Race: Fijian male, aet. 60. Physical State: Normal. 
March, 1910. 


Number of 
microfilariae 
per 16 c. mm. 
blood. One 
slide taken 
every four 
hours. 


CHART II.—Four Hour Chart of Filaria with no periodicity. 


Name: Tiveta Tailemaitonga. Race: Fijian male, aet. 25. Physical State : Normal. 
March, 1910. 


200'—- 


microfilariae Be mnsa bts 
per 16 c. mm. 160 

blood. One 
slide taken 
every four 
hours. 
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CHART III.—Four Hour Chart of Filaria with no periodicity. 
Name: Urai. Race: Fijian male, aet. 24. Physical State : Normal. 
March, 1910. 17 18 19 


Number of 
microfilariae 

per 16 c. mm: 
blood. One \ 
slide taken 

every four 

hours. 


‘CHART IV.—Four Hour Chart of Filaria with no periodicity. 
Name : Solomoni. Race: Fijian male, aet. 21. Physical State: Normal. 
March, 1910. 


Number of 
microfilariae 
per 16 c. mm. 
blood: One 
slide taken 
every four 
hours; 
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CHART V.—Twelve Hour Chart of Filaria with no periodicity. 


Name: Samu. Race: Fijian male, aet. 55. 
Physical State: Lymphatic oedema left arm ; axillary abscess. 
Blood taken from right -hand. 


January, 1910. 22 23 24 25 26. 27 9250) =20 


Number of 
microfilariae 
per 16 ce. mm. 
blood. Average 
of three slides 
taken 10 a.m., 
and of three 
slides taken 

10 p.m. 


ee 


CHART VI.—Twelve Hour Chart of Filaria with no periodicity. 


Name: Samu. Race: Fijian male, aet. 55. 
Physical State: Lymphatic oedema left arm; axillary abscess. 
Blood taken from left hand, the affected side. 


January, 1910. 22 23 24. 25 26 27 28 29 
MEM E|ME (ME (MEM E 


‘70 10\10-70\ 10 20\70 ¢o\ 40 10| lo ltd 4s 


ig 


Number of 

microfilariae 

per 16 ec. mm, 

blood, Average 9 
of three slides 


taken 10 a.m., 
and of three 
slides taken 
10 p.m. b 
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CHART VII.—Four Hour Chart of Filaria with no periodicity. 


Name: Samu. Race: Fijian male, aef. 55. 
Physical State: Lymphatic oedema left arm ; axillary abscess. 


| 1910. 4 5 14 15 16 17 


LL 


CHART VIII.—Four Hour Chart of Filaria with no periodicity. 
Name’: Sigane. Race: Fijian male, aet. 21. Physical State: Ankylosis left hip-joint. 
January, 1910. 


Number of 
microfilariae 
per 16 c. mm. 
blood. One 
slide taken 
every four 
hours. 
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CHART IX.—Four Hour Chart of Filaria with no periodicity. 


Name: Avisai. Race: Fijian male, aet. 25. Physical State: Hydrocele. 


February, 1910. 


Number of 
microfilariae ¢ 
per 16 c. mm. 
blood. One 
slide taken 
every four 


hours, 
CHART X.—Four Hour Chart of Filaria with no periodicity. 
Name: Salinai. Race: Fijian female, aet. 25. Physical State: Pregnancy. 
Male baby born on March 12th: No microfilariae found in three slides of baby’s blood. 


March, 1910 11 12 


Number of 
microfilariae 
per 16 c. mm. 
blood. One 
slide taken 
every four 
hours. 
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CHART XI.—Twelve Hour Chart of Filaria with no periodicity. 


Name : Sainimere. Race: Fijian female, aet. 22. Physical State: Pregnancy. 
Male baby born February 18th: No microfilariae in three slides of baby’s blood. 
Average of three slides taken 10 a.m. Three slides taken 10 p.m. 


February, 1910. 2 3 -L 5 6 7 8 


Number of 
microfilariae 

per 16 c. mm. 
blood. Average 
of three slides ¢ 
taken 10 a.m., 
and of three 


* 


slides taken 
10 p.m, 


CHART XII.—Twelve Hour Chart of Filaria with no periodicity. 


Name: Petero. Race: Fijian male, aet. 45. 
Physical State: Elephantiasis of scrotum and left leg. 


November, 1910. 15 16 17 18 19 20 21 


Number of 
microfilariae 
per 16 c. mm. 
blood. Average 
of three slides 
taken 10 a.m., 
and of three 
slides taken 

10 p.m. 
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CHART XIII.—Twelve Hour Chart of Filaria with no periodicity. 
Name: Kalopate. Race: Fijian male, aet. 60. Physical State: Elephantiasis gscroti. 


December, 1910. 7 8 9 1) eee Peis 14 15 


Number of 4 
microfilariae 
per 16 ¢. mya. 
blood. Average 
of three slides 
taken 10 a.m., 
and of three 
slides taken 

10 p.m. 


CHART XIV.—Four Hour Chart of Filaria with no periodicity. 


Name: Ferimo. Race: Fijian male, aet. 40. 
Physical State: Elephantiasis of right arm and left leg. 


April, 1910. 


Number of 
microfilariae 
per 16 c. mm. 
blood. One 
slide taken 
every four 
hours. 
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CHART XV.—Four Hour Chart of Filaria with nocturnal periodicity. 


Name: Jam Basha. Race: Indian male, aet. 26. Physical State : Normal. 
Residence in Fiji: Three years. 


‘April, 1910. 27 28 29 30 


amber of 
icrofilariae 
r 1l6c. mm, 
90d. One 
de taken 
ery four 
urs. 
CHART XVI.—Four Hour Chart of Filaria with no periodicity. 
Name: Jukdio. Race: Indian male, aet. 22. Physical State : Left hydrocele. 
(Microfilariae found in hydrocele fluid.) . Residence in Fut: Four years. 
May, 1910. 19 20 21 
Number of 


microfilariae 
per 16 c. mni. 
blood. One 
slide taken 
every four 
hours. 
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CHART XVII.—Four Hour Chart of Filaria with no periodicity. 


Name: Kandhi. Race: Indian male, aet. 29. Physical State: Normal. 


Residence in Fuji: Ten years. 


April, 1910. 27 28 29 


Number of 
microfilariae 
per 16 c. mm. 
blood. One 
slide taken 
every four 
hours. 


CHART XVIII.—Four Hour Chart of Filaria with nocturnal periodicity. 


Name: Sutherie. Race : Solomon Islander, male, aet. 30. Physical State : Normai. 


Residence in Fiji: Newly arrived from the Solomon Islands ; eight years previously 


in Queensland. 


August, 1910. 16 iyi 18 19 


Number of 
microfilariae 
per 16 c. mm, 
blood. One 
slide taken 
every four 
hours, 
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CHART XIX.—Twelve Hour Chart of Filaria with no periodicity. 


Name: J. F. Race: German male, aet. 52. Physical State: Filariasis, enlarged glands, 
lymphangitis. 


Residence in Fiji : Ten years ; twelve years previously in Samoa. 
April, 1910. 1 2 3 18 19 


IM'EIM EITM E]ME]ME/M E[M'E 
(ee 2 


Number of 
microfilariae 
per 16 c. mm. 
blood. One 
slide taken 

10 a.m., and 
one slide taken 
10 p.m. 


CHART XX.—Four Hour Chart of Filaria with no periodicity. 


Discovery of adult filariae. 
Name: Thomasi. Race: Fijian male, aet. 24. Physical State: Filarial abscess. 


il, 1910. 29 30 May 3 4 


ou 
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APPENDIX XII. 


Table showing maximum, minimum mean temperatures and rain- 
fall during the months in which transmission experiments with different 
species of mosquitoes were undertaken. (From Fiji Government 


Gazette.) 


Species of Mosquito: 


Jepson. 


1910. 
Suva. 


May .. 


June 


Species of Mosquito : 


August 


September .. 


October 


November .. 


December 


Mean 


Maximum. 


Soviets 
TEP Ss 


(chy lle 
TOS) oe 
Slee 
83°6 ,, 
OO:0ae. 


Culex fatigans, Steqgomyia fasciata, Culea 


Mean 
Minimum. Rainfall. Humidity. 
Tle: 14-123 ins. 80:6 
OU. lie 9°894 ,, 79°5 


Stegomyia pseudoscutellaris. 


6770 sie 8°959 ins. 80°4 
69°1 ,, 12:9) 455 79°8 
70°6 ,, 19-3282. 80:4 
Ip T2-72098 82°7 


74:4 ,, 9°586 ,, 78:7 
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APPENDIX XIVa. 


Table to show that the number of microfilariae in blood imbibed by 
the mosquito is not in excess of the number in a corresponding amount 
of the circulating blood : that is, the mosquito, gud the microfilaria, 
has no selective power. : 


Mosquito’s stomach, immediately after feeding, dissected out and a 
smear of the blood made and compared with a measured smear of blood 
taken from patient at the same time. 


Number 
in the 
Number of | amountof 
Amount of Number | ynicrofilariae | patient’s 
saree blood of micro-| in patient’s | circulat- 
I in mosquito’s | filariaein)  Girculating | ing blood 
stomach. stomach blood equal to 
blood. | per 16 ¢. mm. that 
found in 
mosquito. 
(1) Stegomyia pseudo- 4¢.mm. blood | 5 micro- | 80 (average of 20 
scutellaris filariae. 12 slides) 
(Ciaes 2-6 - Seach Tees ll 
(3) », (Fed on patient | 3:2 es aL = 14 
in open) 
(4) 29 29 2°2 29 + 99 29 10 
(5) 99 99 2°6 99 3 99 99 11 
(6) 9 99 2°6 29 ) 9 29 11 
(7) 99 9? 2°6 99 9 99 99 xt 
(8) 29 29 3°2 99 10 29 99 14 
(9) 99 99 3°2 99 15 99 99> 14 
(10) 99 29 2°2 29 { 4 29 99 10 
(11) 99 99 2°0 99 4 99 99 11 
(12) 99 99 2°2 99 15 99 99 10 
(13) 9 29 3°2 99 18 99 9° 14 
(14) 5, (fed on patient 
in cage) 4-0 Ap 14*,, A 12 
(15) 2 29 4-0 29 ales 29 | 12 
(16) 99 39 4-0 99 12 39 99 7 12 
Cli) 99 99 4:0 33 i 9? 99 12 
(18) ss 4:0 of LG 12 
(19) 99 99 4-0 99 14 99 99 12 
(20) » 0 4°0 9 10 ,, » 12 
(21) 99 99 4-0 99 22 a9. 99 12 
(22) 99 99 3°2 99 + ur) 99 9 
(23) 93 99 3°2 99 6 99 99 9 
(24) 99 99 3°2 99 15 99 29 9 
(25) 29 99 3°2 99 9 99 99 9 
(26) » 09 5°3 » 22 5, 9 16 
(27) », (fed on patient 
in open) wis} : Org 247 (average of 8 
6 slides) 
(28) 99 99 1:06 } 14 99 99 16 
(29) 99 99 1-06 99 24 $9 AD 16 
(30) > 9 1-06 3 6 5, » 16 
(31) aa 99 t 99 5 99 99 11 
(32) 99 99 53 99 1 de) 99 8 
(33) 99 93 43 93 2 Che J) I 
(34) > >» ‘8 0» 12 ,, » 13 
(35) 29 99 8 99 11 2? ee) 13 
(36) 99 9? 6 29 2 99 99 10 
(37) 99 99 6 99 + 99 99 10 
(38) 99 99 6 99 4 29 99 10 
(39) as (fed on patient | 4:0 ef Opes re La 56 
In cage) 
(40) 93 99 2°0 99 7 99 99 28 
(41) 99 9° 2:0 “oJ 13 9° 99 28 
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APPENDIX XIVb. 


Table showing that practically all microfilariae imbibed by Stegomyia 
pseudoscutellaris develop in thorax and come to maturity. 


Estimated average number of fe = a oe aca Number of larval filariae 
microfilariae imbibed. ae a eevee’ found in thorax of mosquito. 
37 per Stegomyia 3rd day 25 

pseudoscutellaris 
37 e Folies oy, 43 
37 rs LOthe=,, 20 
11 . 14th ,, 13 
i fe 15th ,, 8 
12 one 16th ,, 20 
13 is 16th 4, 5 
12 5 ya as 6 


These calculations were made from the same batches of mosquitoes 
as those referred to in Appendix XIVa. 


m2 
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APPENDIX XV. 


Measurements of microfilariae without periodicity, in blood, in normal 
saline, in citrate solution and in hydrocele fluid. 


Length of microfilariae and position of anterior V-spot. 


Length 

(1) 300 pw ant. V-spot 80 @ from cephalic end. 

(2) 255 ,, » 1 ,, 

(3) 300 99 99 75 9° 99 

(4) 250 ,, > 75 4, >» 

(5) 310 ,, >» 75 5, » 

(6) 270 99 99 75 ie) 99 

(7) 255 ,, o 75 5, 9 

Length and breadth. Length and breadth. 

(1) 240 xX 7p (8) 255 mx 6 py 
(2) 260. xe bs, (9) 2705, << 6... 
(3) 262 29 x 6 29 (10) 270 29 x 6 99 
(Ae2iie.,. << 6s: CEL) 240... < 6°; 
(5) 262 o9 X 6 oe) (12) 270 9 x 6 ,, 
(6) 20 41-3, (io) 2405, x 0-, 
(2) 210m < We, (14) 260,, x 7,, 


APPENDIX XVI. 


Post-mortem examination of a Solomon Islander, male, aet. 30; ten 
years resident in Fiji. 

Admitted to hospital with acute respiratory distress; general sub- 
cutaneous oedema, most marked in the face and thighs; and dilatation 
of the heart. The liver pulsated and was enlarged and tender. The 
spleen was enlarged and tender (probably from old-standing malaria). 
The knee-jerks were present and there was no tenderness of the calves. 
The temperature was slightly raised to 99°F. at night. No ova of 
intestinal parasites were found in the faeces. 

Examination of the blood on the 2nd of March, 1910, revealed 35 
microfilariae at 10 a.m. and 128 at 10 p.m. per 16 c.mm. blood. 
Some were stained in a variety of ways; others were kept on ice for 
several days. They presented all the characteristics of sheathed micro- 
filariae as already described. The patient died suddenly at 8 a.m. on 
the 3rd of March. 

A complete post-mortem was made immediately. There was great 
oedema of all the tissues, and much fluid in the pleural cavities in the 
pericardium and peritoneum. All the blood that could be obtained was 
collected in a bucket and carefully searched for parental filariae. The 
heart was flabby and enlarged. No atheroma of the vessels was noted. 
The liver was enlarged and typically nutmeg, and weighed 60 ounces. 
The spleen, 204 ounces, was soft and dark, with capsule greatly thickened. 
Right kidney and suprarenal healthy, left kidney hydronephrotic. The 
glands at the portal fissure, bronchial and lumbar glands, were all enlarged 
and were carefully dissected, but no filariae were found in them. The 
lymphatic tissue in front of the aorta and in the posterior mediastinum, 
the mesentery, great omentum, and recto-vesical connective tissue 
were removed and dissected in normal saline, but no adult filariae were 
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found. Blood smears were made from the lung, internal jugular vein, 
liver, spleen, testes, vesiculae seminales, and the numbers of microfilariae 
covered by two square coverslips were counted with the following 
result :— 


Lung e .. average 63 microfilariae. 
Internal jugular vein rf 40 = 
Liver be ve . BD ee 
Spleen ‘ 11 


0 99 


Vesiculae seminales % 
Sections of the organs show microfilariae in greatest abundance in 
the interalveolar capillaries of the lung. The liver shows fatty degenera- 
tion of the cells and increase of interstitial fibrous tissue. Microfilariae 
abound in the intralobular veins. In the spleen microfilariae can be 
recognized in the capillaries of the spleen pulp. In the kidney and 
testes none could be found. In the cortex of the left inguinal gland 
portions of a male and adult female filaria were found on section. 


APPENDIX XVII. 


Inequality of distribution of filariasis in Fiji. 


Bau. 


This, the ancient native capital of Fiji, is situated on an island at the 
mouth of the river Rewa (vide map), and is separated from the mainland 
by a narrow strait half a mile wide and fordable at low tide. The 
estimated population is 4-500. Night-feeding mosquitoes (Culex) are 
very common. No day mosquitoes occur, save when the wind blows 
from the mainland. 169 of the inhabitants were examined—83 
males and 86 females. There is not a single case of elephantiasis 
in Bau. 


1.—MALES OVER 20 YEARS OF AGE (52 EXAMINED). 


With no microfilariae or signs - - - ~ - - 15 
With microfilariae in blood and signs of filariasis - - 8 
2 hydrocele—3 enlarged testis—3 enlarged glands. 
Microfilariae in blood without signs of filariasis  - - = 6 
Signs of filariasis, but no microfilariae - - - - 21 


7 hydrocele—9 enlarged testis—5 enlarged anda 
Microfilaria rate 30°7 per cent. 


Filarial disease rate 73 per cent.—(i.e. cases with microfilariae without 
signs, microfilariae with signs, and with signs of filarial disease, but no 
microfilariae). 

The absence of abscess and the large proportion of testicular affections 
are to be noted. 
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2.—MALES UNDER 20 YEARS OF AGE (31 EXAMINED). 


With no microfilariae or signs - - ~ : ~ =" 27 
With microfilariae in blood and signs of filariasis - - - Oo 
Microfilariae in blood without signs of filariasis  - - - Oo 
Signs of filariasis, but no microfilariae - - ~ - - 4 


All enlarged glands. 
Microfilaria rate o per cent. Filarial disease 12°9 per cent. 


3.—FEMALES OVER 20 YEARS OF AGE (45 EXAMINED). 


With no microfilariae or signs ~ - - - - - 28 
With microfilariae in blood and signs of filariasis - - - 0 
Microfilariae in blood without signs of filariasis - - - 5 
Signs of filariasis, but no microfilariae - 12 


1 abscess—1I1 enlarged glands. 
Microfilaria rate 11°1 per cent. Filarial disease rate 37°7 per cent. 


4.—FEMALES UNDER 20 YEARS OF AGE (41 EXAMINED). 


With no microfilariae or signs - - - - - a 87 
With microfilariae in blood and signs of filariasis - - - 0 
Microfilariae in blood without signs of filariasis - - - oO 
Signs of filariasis, but no microfilariae' - - - - - 3 


Enlarged glands. 
Microfilaria rate o per cent. Filarial disease rate 7°3 per cent. 
For total number examined :— 


Elephantiasis rate o per cent. 
Microfilaria rate 12°5 per cent. 
Filarial disease rate 36°3 per cent. 


Loma-Loma. 


Chief town of the island of Vanua Balavu (or Vanua Vua) in the 
eastern or Lau group, and situated 200 miles from Suva. The official 
return gives 124 inhabitants for the township. It lies on the sea front, 
bounded on each side by brackish creeks and mangrove swamps, in 
which Stegomyia pseudoscutellaris, the commonest mosquito there, 
swarms. Stegomyia fasciata and Culex jepsoni were also noted and 
were bred from larvae. 

In Loma-Loma town 132 persons of all ages were examined. They 
were ordered to present themselves for this purpose by the head man. 
Afterwards a house-to-house visitation was made, so that I am con- 
vineed that very few, save small children in arms, escaped examination. 
This description of my method of conducting the investigation applies 
to all the places visited, and from which the following statistics were 
obtained ; included among those under Loma-Loma are the three 
neighbouring villages Uruoni, Levukana, and Naruciva, in which 30, 
30, and 16 inhabitants respectively were examined. 
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MALES OVER 20 YEARS (87 EXAMINED). 


With no microfilariae or signs of filariasis - - ~ - 21 
With microfilariae and signs of filariasis - - - - 26 
Including 2 hydrocele—2 enlarged and varicose groin glands—15 abscess 
—7 enlarged glands. 
With microfilariae and no signs of filariasis - - - - 13 
Signs of filariasis, but no microfilariae - - - - a 7 f 
Including 2 elephantiasis—2 hydrocele—4 enlarged and varicose groin 
glands—7 abscess—11 enlarged glands. 


Microfilaria rate 44°8 per cent. Filarial disease rate 75°8 per cent. 


x“. SO numerous were the Stegomyia pseudoscutellaris that over 100 
were caught on one person in less than twenty minutes just outside 
the village. They were found breeding in two fresh-water wells; the 
majority, however, probably bred in the brackish swamps amongst the 
mangroves. 


MALES UNDER 20 YEARS (32 EXAMINED). 


With no microfilariae or signs of filariasis - - - - 22 

With microfilariae and signs of filariasis - - - ty 
Enlarged glands. 

With microfilariae and no signs of filariasis - - - - qQ 

Signs of filariasis, but no microfilariae - - - - - 4 


1 abscess—3 enlarged glands. 


Microfilaria rate 18°7 per cent. Filarial disease rate 31°2 per cent. 


FEMALES OVER 20 YEARS (57 EXAMINED). 


With no microfilariae or signs of filariasis - - - - 30 
With microfilariae and signs of filariasis - - ~ = i AeS 
1 elephantiasis—2 abscess. 

With microfilariae and no signs of filariasis - - - - 16 
Signs of filariasis, but no microfilariae - - - - - 8 


1 elephantiasis—3 abscess—1 arthritis—3 enlarged glands. 


FEMALES UNDER 20 YEARS (46 EXAMINED). 


With no microfilariae or signs of filariasis - - - - 34 
With microfilariae and signs of filariasis ~ - - - 3 
2 abscess—1 enlarged glands. 

With microfilariae and no signs of filariasis - - - - 6 
signs of filariasis, but no microfilariae - - - - =< aes 


1 abscess—2 enlarged glands. 
Therefore for total examined :— 


Elephantiasis rate 1°8 per cent. 
Microfilaria rate 32°8 per cent. 
Filarial disease rate 50 per cent. 
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Lakemba. 


Having an area of 11,500 acres, it is one of the largest islands of the 
eastern group, and has a bad reputation for filariasis. It is generally 
considered to be the stronghold of elephantiasis in Fiji. The soil is very 
fertile, volcanic in origin, and heavily wooded. ‘There are numerous 
orackish creeks. A large one flows through the main town (called 
Levuka). Mosquitoes swarm, Stegomyia pseudoscutellaris being very 
abundant in the mangrove swamps and in the native huts. Culex fatigans 
and Stegomyia fasciata breed commonly in the fresh-water cisterns in 
which rain-water is collected. Night mosquitoes (Culex) are said to be 
very numerous in hot weather, and day mosquitoes (Stegomyta) all the 
year round. 

The number of inhabitants of Lakemba Island totals 879 (official 
return) ; of these 446 were examined. Out of the total of 303 inhabitants 
in Levuka town 266 were examined, a house-to-house visitation being 
made. 


1.—MALES OVER 20 (77 EXAMINED). 


With no microfilariae or signs of filariasis  - - - - 6 
With microfilariae and signs of filariasis - - - - 31 
8 elephantiasis—2 hydrocele—1 enlarged testis—5 enlarged and varicose 
groin glands—1l arthritis—7 abscess—7 enlarged glands. 

Microfilariae, but no signs of filariasis - - - - se 
With signs of filariasis, but no microfilariae - - - =. 32 
8 elephantiasis—5 hydrocele—1 enlarged testis—l enlarged and varicose 
groin gland—12 abscess—6 enlarged glands. 

Elephantiasis rate 22°2 per cent. 

Microfilaria rate 44°1 per cent. 

Filarial disease rate 85°6 per cent. 

With no microfilariae or signs of filariasis 8°4 per cent. 


N.B.—50 per cent. of males over 20 had microfilariae in blood. 


2.—MALES UNDER 20 (77 EXAMINED). 


With no microfilariae or signs of filariasis - - - =. 1.6 
With microfilariae and signs of filariasis - - - - 10 
Microfilariae, but no signs of filariasis - ~ - - = 733 
With signs of filariasis, but no microfilariae - - - - . 38 


Microfilaria rate 16°8 per cent. Filarial disease rate 66°2 per cent. 


3.—FEMALES OVER 20 YEARS (79 EXAMINED). 


With no microfilariae or signs of filariasis - - - - 30 
With microfilariae and signs of filariasis - - - - 15 
1 elephantiasis—4 abscess—10 enlarged glands. 
Microfilariae, but no signs of filariasis - - - - =+ 12 
With signs of filariasis, but no microfilariae - - - = 22 


3 elephantiasis—9 abscess—10 enlarged glands. 
Microfilaria rate 34°1 per cent. Filarial disease rate '70°8 per cent. 
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4.—FEMALES UNDER 20 YEARS (38 EXAMINED). 


With no microfilariae or signs of filariasis - - - iy, 
With microfilariae and signs of filariasis - - - - 5 
2 abscess—3 enlarged glands. 

Microfilariae, but no signs of filariasis - - - - =taniG 
With signs of filariasis, but no microfilariae - - - om Gal) 


1 abscess—6 enlarged glands. 


Microfilaria rate 36°8 per cent. Filarial disease rate 55°2 per cent. 


Therefore for Levuka town, of the total inhabitants examined, 226 


in number, 
The Elephantiasis rate was 7°3 per cent. 


Microfilaria rate was 32°4 per cent. 
Filarial disease rate was 69°0 per cent. 


” 


) 


Three other villages, lying four to eight miles away from the main 
town—names: Wacaca, Waitabu and Sungalo—were investigated. 

The first named contained sixty-five inhabitants, including tour cases 
of elephantiasis, of whom all were examined. It is situated on the coast 
by the side of a brackish creek, surrounded by mangrove swamps. Rain- 
water, stored in large cement tanks with a tin roofing, is drunk ; it is 
clear and apparently breeds no mosquitoes. The commonest mosquito 
was Stegomyia pseudoscutellaris, which swarmed. Stegomyia fasciata 
was also common. The next village, Waitabu, with one case of elephan- 
tiasis, contained forty-one inhabitants, all of whom were examined. 
No stegomyiae were seen here, and were said not to be abundant, the 
village lying about two miles inland. Sungalo, the next village, with 
five cases of elephantiasis, hes on the coast, with a brackish creek on 
either side. Seventy inhabitants were examined. The water supply 
is from a cement rain-water tank. 


MALES OVER 20 YEARS (70 EXAMINED). 


With no microfilariae or signs of filariasis - - - - 13 
With microfilariae and signs of filariasis - - - - 23 
3 elephantiasis—6 hydrocele—2 enlarged and varicose groin glands— 
4 abscess—8 enlarged glands. 
Microfilariae, but no signs of filariasis - - - - - 5 
With signs of filariasis, but no microfilariae - - - - 29 
5 elephantiasis—5 hydrocele—1 enlarged testis—4 enlarged and varicose 
eroin glands—5 abscess—9 enlarged glands. 
Elephantiasis rate 11°4 per cent. Microfilaria rate 40°0 per cent. 
Filarial disease rate 81°4 per cent. 


MALES UNDER 20 YEARS (30 EXAMINED). 


With no microfilariae or signs of filariasis - - - => 37 
With microfilariae and signs of filariasis - - - - 0 
Microfilariae, but no signs of filariasis - - - - =) oad 
With signs of filariasis, but no microfilariae - - - - 12 


1 hydrocele—2 abscess—9 enlarged glands. 
Microfilaria rate 3°3 per cent. Filarial disease rate 43°3 per cent. 
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FEMALES OVER 20 YEARS (54 EXAMINED). 


With no microfilariae or signs of filariasis - = : = 22 
With microfilariae and signs of filariasis - - - 

1 enlarged and varicose groin gland—3 abscess—3 enlarged glands. 
Microfilariae, but no signs of filariasis - - - = a 8 
With signs of filariasis, but no microfilariae - - - = 10 

1 elephantiasis—5 abscess—4 enlarged glands. 


Microfilaria rate 22°2 per cent. Filarial disease rate 42°5 per cent. 


FEMALES UNDER 20 YEARS (25 EXAMINED). 


With no microfilariae or signs of filariasis - - ~ - 15 
With microfilariae and signs of filariasis - - = ee | 
1 enlarged gland. 

Microfilariae, but no signs of filariasis - - - - 4 
With signs of filariasis, but no microfilariae - - - a 01g 


2 abscess—3 enlarged glands. 
Microfilaria rate 20 per cent. Filarial disease rate 40 per cent. 


Total for villages in Lakemba (179 persons examined) :— 
Elephantiasis rate 5 per cent. 
Microfilaria rate 25°7 per cent. 
Filarial disease rate 56°9 per cent. 


The Island of Oneata 


Lies twenty miles to the south-east of Lakemba. It is a very fertile, 
rugged island, of some 720 acres in extent. The number of inhabitants 
is given officially as 185, 114 of whom were examined. This island 
is famed throughout Fiji as being the worst island for mosquitoes in 
the group. There is a large fresh-water swamp, with many reeds and 
much marshy vegetation, in the centre of the island, where the mosquitoes 
breed in great numbers. Thence they are carried by the wind in swarms. 
There is a Fijian myth which attributes the great number of mosquitoes 
to the agency of one of their ancient gods. There are two villages, one 
of which gets its water by pipes from a spring, the other from a cement 
tank. The mosquito seen in greatest numbers was Culex jepson. 
Stegomyia pseudoscutellaris was also seen, but not nearly so commonly 
as in Lakemba. It is said that the mosquitoes are so numerous that 
in certain parts the natives cannot keep pigs, and that, before the intro- 
duction of mosquito nets, the inhabitants had on occasions to camp 
out on the reef by the sea-shore for the night. It is to be noted that 
though the mosquitoes are so common elephantiasis is, as compared 
with Lakemba, a rare disease. 


MALES OVER 20 YEARS (31 EXAMINED). 


With no microfilariae or signs of filariasis - 35 cae 

With microfilariae and signs of filariasis - - : = fett 

1 elephantiasis—2 hydrocele—3 enlarged and varicose groin glands— 
1 abscess—4 enlarged glands, 


Microfilariae, but no signs of filariasis - - a Z ee 


With signs, but no microfilariae  - - - - - - 13 
1 elephantiasis—4 hydrocele—3 enlarged and varicose groin glands— 
2 abscess—2 enlarged glands. 

Elephantiasis rate 6°7 per cent. Microfilaria rate 41°9 per cent. 
Filarial disease rate 83°8 per cent. 


MALES UNDER 20 YEARS (24 EXAMINED). 


With no microfilariae or signs of filariasis - - - - I 
With microfilariae and signs of filariasis - - - - 
Microfilariae, but no signs of filariasis - - - - - 


With signs, but no microfilariae - - . ~ = _ 
Enlarged glands. 


moth wn 


Microfilaria rate 16°6 per cent. Filarial disease rate 37°5 per cent. 
FEMALES OVER 20 YEARS (35 EXAMINED). 


With no microfilariae or signs of filariasis - ~ a - 20 
With microfilariae and signs of filariasis - - - hae se: 
1 abscess—2 enlarged glands. 

Microfilariae, but no signs of filariasis - - - - - 6 
With signs, but no microfilariae’ - - - - - - 6 
3 abscess—3 enlarged glands. 


Microfilaria rate 25°7 per cent. Filarial disease rate 42°8 per cent. 


FEMALES UNDER 20 YEARS (24 EXAMINED). 


With no microfilariae or signs of filariasis - - - - 19 
With microfilariae and signs of filariasis - - ~ =e | 
Enlarged gland. 

Microfilariae, but no signs of filariasis - - - - 2 
With signs, but no microfilariae  - - - - - - 2 


Enlarged glands. 
Microfilaria rate 12°5 per cent. Filarial disease rate 20°8 per cent. 
Total for Oneata : 
Elephantiasis rate 1°5 per cent. 


Microfilaria rate 22°5 per cent. 
Filarial disease rate 47°2 per cent. 


Summary of Statistics. 


Island of L L Oneata Lakemba 
Bau. ERASED Island. Island. 
Elephantiasis rate 0 per cent. | 1°8 per cent. 1-5 per cent. 8-7 per cent. 
Microfilaria rate Le Saag: 32°8 a Bo De 55 BOs meee: 
Filarial disease rate| 36°3 ,, 50:0 nf CW Gb eee (pipe oy 
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APPENDIX XVIII. 


Table to ascertain whether the seat of obstruction can be determined 
from the presence of enlarged glands in elephantiasis. 


Elephantiasis of one Wisihle obsiniction. Associated filari al 
part only. disease. 


(1) Elephantiasis scroti. Enlarged glands, right Double hydrocele. 
groin. 


(2) Lymphatic oedema Enlarged axillary and — 
left arm. Male. pectoral glands (left). 


(3) Elephantiasis scroti. Enlarged glands, right Double hydrocele. 
groin. 


(4) Elephantiasis right Enlarged pectoral gland, | Axillary abscess. 


breast. Female. right. 
(5) Elephantiasis left leg. | Enlarged glands, left a 
Female. groin. 
(6) Elephantiasis right Enlarged glands both Hydrocele, left. 
leg. Male. groins. Enlarged testis, right. 
(7) Elephantiasis left None Numerous abscesses over 
arm. Male. internal condyle, right. 


(8) Elephantiasis right Enlarged glands both — 


leg. Male. groins. 

(9) Elephantiasis left leg. | Enlarged glands both a 

Male. groins. 

(10) Elephantiasis scroti. Enlarged glands both Abscess left thigh. 
groins. 

(11) Elephantiasis scroti. Enlarged glands both Abscess left leg. 
groins. 

(12) Elephantiasis left arm. None Enlarged glands both 

Female. groins. Abscesses left 
thigh. 

(13) Elephantiasis right None Abscesses both groins. 
arm. Female. 
(14) Elephantiasis left leg | Enlarged glands left Left epitrochlear glands 

Male. groin. enlarged. 

(15) Elephantiasis scroti. Enlarged glands both Hydrocele, left. 
groins. 

(16) Elephantiasis scroti. None Double hydrocele. 

(17) Elephantiasis scroti. Enlarged gland right Double hydrocele. 
groin. 

(18) Elephantiasis left arm. None Double hydrocele. 

Male. Enlarged epitrochlear 
gland, right. Enlarged 
groin gland, left. 

(19) Elephantiasis scroti. Enlarged glands both Hydrocele, right. 
groins. 

(20) Elephantiasis scroti. Enlarged gland both | — 
groins 


Elephantiasis of more 
than one part. 


(1) Elephantiasis left arm 
and left leg. Male. 


(2) Elephantiasis right 
arm and left leg. 
Male. 


(3) Elephantiasis of both 
legs. Male. 


(4) Elephantiasis of both 
arms and legs. Slight 
elephantiasis scroti. 


(5) Elephantiasis right leg 
and serotum. 


(6) Elephantiasis both 
legs and scrotum. 


(7) Elephantiasis both 
legs. Male. 


(8) Elephantiasis both 
legs and scrotum. 


(9) Elephantiasis both 
arms and scrotum. 


(10) Elephantiasis both 
legs. Male. 


(11) Elephantiasis of both 
legs and scrotum. 


(12) Elephantiasis of both 
arms and serotum. 


(13) Elephantiasis both 
arms and legs. Male. 


(14) Elephantiasis both 
arms. Male. 


(15) Elephantiasis left arm 
and both legs. Male. 


(16) Elephantiasis both 
arms. Male 


(17) Elephantiasis left arm 
and both legs. Female. 


(18) Elephantiasis right 
arm and both legs. 
Female. 
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Visible obstruction. 


None 


° 


Varicose lymphatics at 
bend of elbow, also 
enlarged glands right 
groin. 


Enlarged glands both 
groins. 


Enlarged epitrochlear 
glands, right. 

Enlarged glands right 
groin. 


Enlarged glands both 
groins. 


Enlarged glands left 
groin. 


None 


None 


Enlarged glands left 
groin. 


None 


None 


Both epitrochlear glands 
enlarged. Enlarged 


groin glands both sides. 


Enlarged glands both 
groins. 


Enlarged epitrochlear 
gland, left, and en- 


larged groin glands, left. 


Both epitrochlear glands 
enlarged. Enlarged ° 


groin glands both sides, 


Enlarged epitrochlear 
glands both sides. 


None 


Associated filarial 
disease. 


Multiple abscesses. 


Abscesses in left groin. 


Both testes enlarged. 


Both testes enlarged. 


Abscess right thigh. 


Enlarged testes. Hydro- 
cele, right. Abscesses 
left arm. 


Abscess right thigh. 

Enlarged epitrochlear 
glands, left. 

Enlarged testes. Hydro- 
cele right. Abscesses 


left arm. 


Enlarged testes. Abscess 


left groin. 


Double hydrocele. 
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Elephantiasis of more 
than one part. 


Visible obstruction. 


Associated filarial 
disease. 


(19) Elephantiasis both 
arms. Female. 


(20) Elephantiasis both 
legs and scrotum. 


(21) Elephantiasis both 
legs. Female. 


(22) Elephantiasis both 
legs, scrotum and 
right arm. 


(23) Elephantiasis both 
legs, scrotum and 
both arms. 


(24) Elephantiasis right 
leg and scrotum. 


(25) Elephantiasis both 
legs, left arm and 


Enlarged epitrochlear 
glands, left. 


None 


Enlarged glands left 


groin. 


None 


Enlarged glands left 
groin. 


Enlarged glands both 
groins. 


Enlarged glands right 
eroin. 


Abscess right groin. 


Enlarged epitrochlear 
glands, right. Double 
hydrocele and enlarged 
testes. Abscess right 
leg. 


Abscess left groin and 
right breast. 


Abscess both groins. 


Abscess left arm. 


Abscesses right groin. 


Abscess right groin. 
Hydrocele, right. 


serotum. 


(26) Elephantiasis left leg 
and scrotum. 


Enlarged glands both 
groins. 


Double hydrocele. 


| 
(27) Elephantiasis scrotum | Enlarged glands both Hydrocele, left. 


and left leg. groins. 


APPENDIX XIX. 


Details of cases of abscess of probable filarial origin. 


1. Finan male, aet.24, was admitted to hospital with a typical attack 
of filarial lymphangitis. Temperature 102°6° F. (left axilla), pulse 
120, and frequent rigors. There was a painful lump over the right 
internal condyle about the size of a half-crown. It was hot and 
tender to the touch. The edges were indefinite, and the lymphatics 
in the course of the brachial artery could be palpated and were tender. 
There were numerous microfilariae in the blood (Appendix XI., Chart 20). 
Leucocytes numbered 18,800 per c. mm., the red ceils 3,050,000, while 
a differential count showed 5 per cent. of eosinophiles. The skin began 
to get very hot and shiny over the lump, and it was evident that an 
abscess was forming. On incision, two recently dead female filariae 
were found. A small amount of thick pus, like an elongated cord, exuded. 
Cultures were made with great precaution from the pus, on blood and 
ordinary agar. Some was taken up by means of a platinum loop, and 
some aspirated into a syringe. All cultures grew Staphylococcus pyogenes 
aureus and Streptococcus pyogenes. ‘Three smears stained by methylene 
blue showed one microfilaria in the pus. The pus cells were peculiar ; 
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very few polymorphonuclear cells were seen, but the cells appeared mostly 
to be lymphocytes and breaking down red corpuscles. Immediately 
after the operation the temperature became normal. Part of the 
inflammatory mass dissected out at operation was sectioned micro- 
scopically,and portions of a female filaria were found (vide Pl. XXIII.) 
lying in a lymphatic space surrounded by haemorrhage and inflammatory 
tissue, and microfilariae were seen lying in a lymph space. No cocci could 
be demonstrated in microscopical sections by appropriate stains, but 
a great many eosinophile cells could be demonstrated in the surrounding 
tissues. The morning after the operation the lymphatics could still 
be felt as thickened cords. There were scars of numerous other 
abscesses on the patient’s body, three in the left groin, others on the 
inner surface of both the left and right upper arms. 

2. Fijzian male, aet. 30. A large abscess situated at posterior border 
of the right axilla in the substance of latissimus dorsi. Temperature 
103°8° F. Four ounces of thick yellow pus evacuated; a similar swelling in 
the left gluteus maximus yielded no pus on incision. Scars of numerous 
other abscesses were situated in the right axilla and onthe posterior border 
of the scapula on the same side. There was no history of injury. There 
were numerous old yaws ulcers on both legs. Smears of pus showed 
numerous staphylococci, and Staphylococcus pyogenes aureus was grown 
on culture. Microfilariae were numerous in blood-stream—47 at 10 a.m. 
and 30 at night per 16 c. mm. blood. None were seen in smears of 
the pus. 

3. Fijian male, aet. 24. Temperature 99°8° F. A large hard, 
fluctuating painful swelling, size of goose’s egg, situated about half- 
way up left humerus on the inner side. Enlarged and painful gland 
in corresponding axilla. The leucocytes numbered 11,300. Differential 
count showed 8 per cent. of eosinophiles. Mlicrofilariae were numerous 
in the blood, forty-four per 16 c.mm. There were marks of other 
abscesses in the left axilla. 

The abscess, several inches in diameter, was situated in the substance 
of the biceps muscle and contained 15 ounces of thick, yellow, creamy 
pus. Cultures on agar grew Staphylococcus pyogenes albus. Smears 
of pus showed no microfilariae, but clusters of staphylococci were seen. 
The pus cells appeared to be mostly breaking down lymphocytes ; 
there were also a great many eosinophiles and a few polymorphs. 

4. Finan male, aet. 45. Elephantiasis of left leg; abscess on dorsum 
of left foot, three inches below external malleolus ; scars of old abscesses 
in left gastrocnemius; double enlarged and varicose groin glands; enlarged 
left testis. 

Blood contained no microfilariae; the white cells numbered 7,100, 
red cells 4,700,000, and eosinophiles 5 per cent. The abscess was incised. 
Smears of the pus revealed numbers of lymphocytes, eosinophiles, and 
polymorph cells, together with chains of streptococci. A culture on 
agar grew colonies of Streptococcus pyogenes. 

5. Fijian male, aet. 24. Patient stated that he had had a lump 
in left groin for fourteen days. This had become a fluctuating swelling 
about size of hen’s egg, surrounded by dense inflammatory tissue. 
Temperature 101:8° F. No microtilariae found in blood. The abscess 
was punctured with a sterile syringe and a quantity of purulent fluid 
withdrawn. No microfilariae were found in the pus. Cultures on 
agar grew Staphylococcus pyogenes albus; cultures were made on a 
subsequent occasion with the same result. 


161 


6. Fijian male, aet. 18. Sudden pain in enlarged glands in right 
eroin. Ankle-joint of same side painful and swollen. ‘Tenderness along 
the course of the lymphatics. Glands of groin inflamed and. tender. 
Temperature 99° F. White blood cells 10,290. Eosinophiles 18 per 
cent. Microfilariae averaged 6 per 16 c. mm. blood. 

On puncture the groin gland exuded cloudy lymph, containing great 
abundance of lymphocytes, but no microfilariae. On agar this lymph 
grew pure cultures of Staphylococcus pyogenes albus in forty-eight hours. 

7. Fijian male, aet. 15. Abscess size of a duck’s egg in right groin. 
Blood no microfilariae, white cells 9,600, red cells 6,487,000, eosinophiles 
15 per cent. On incision thick cloudy pus obtained, consisting of poly- 
morphs, lymphocytes, a few eosinophiles and red blood corpuscles. 
Bunches of staphylococci were seen, but no microfilariae. Inoculated 
on to agar grew pure culture of Staphylococcus pyogenes aureus. 

8. Fijian male, aet. 20.  Rigors lasting off and on for four days. 
A large abscess developed in latissimus dorsi about six inches below angle 
of right scapula. Temperature 100°6° F. White cells 13,700 ; red cells 
5,050,000 ; eosinophiles 4 per cent. Microfilariae (average of three 
slides) numbered 127 at 10 a.m. and 139 at 10 p.m. On incision a cyst- 
like cavity found in the substance of latissimus dorsi muscle containing 
thick grumous pus. Films of this pus show no microfilariae, but 
numerous polymorph pus cells and staphylococci. Culture of pus grew 
Staphylococcus pyogenes aureus in pure growth. 

Six days later a hard swelling appeared in the substance of triceps 
muscle on the same side, but disappeared without suppuration. 


APPENDIX XxX. 


Details of Investigations on cases of hydrocele and enlarged 
testes, not mentioned in the Text. 


1. Fijian male, aet. 30. Double hydrocele in association with 
elephantiasis scroti. At operation the right hydrocele was found to 
be lobulated and contained straw-coloured fluid. Hydroceles of the 
cord were also present. Fluid was aspirated by syringe and remained 
sterile on culture. When centrifuged, cholesterin crystals and 
lymphocytes were found. 

2. Fijian male, aet. 40. Double hydrocele in association with 
elephantiasis scroti. Contained straw-coloured fluid. Cultures from 
each hydrocele remained sterile. Fluid was centrifuged and contained 
cholesterin crystal and lymphocytes. 

3. Indian male, aet. 22; four years in Fiji. Left hydrocele. No 
other sign of filariasis. Hydrocele fluid straw-coloured, sterile on 
culture. Few wmicrofilariae in blood exhibiting no __ periodicity. 
Hydrocele fluid contained numerous live microfilariae, some sheathed, 
others sheathless (vide Phot. XIIJ.), also great numbers of dead forms 
and empty sheaths. Mlicrofilariae lived thirty-six hours in this fluid. 

4. Finan male, aet.24. Right hydrocele, size of a goose’s egg, 
lobulated. Fluid procured at operation was centrifuged, but nothing was 
found. Sac walls were teased out in normal saline, but no filariae found. 
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5. Fijian male, aet. 28. Left hydrocele in association with enlarged 
and varicose groin glands on the right side. At operation straw-coloured 
fluid obtained; centrifuged, but nothing found. On culture it remained 
sterile. Mass of gelatinous blubbery tissue found lying round the sper- 
matic cord. In hydrocele sac walls, which were very thick and vascular, 
numbers of calcified filariae were found in a good state of preservation. 
The right testis and epididymis were enlarged. From the lower pole 
of the testis, a cyst with thick calcareous walls and enclosing brown 
sebaceous-like material was shelled out. A similar mass found at the 
upper pole consisted of inflammatory tissue enclosing a calcified filaria. 
Sections of this hydrocele sac wall show bundles of unstriped muscle 
fibres (cremaster internus) surrounded by proliferating fibrous tissue, 
dilated blood and lymphatic vessels. No lining layer of epithelial cells 
could be recognized. 

6. Fijian male, ae. 29. Right hydrocele in association with 
elephantiasis of the scrotum and enlargement of both sets of groin glands. 
Straw-coloured fluid was centrifuged, but nothing found; it was sterile 
on culture. No calcified filariae found in sac wall. On section of hydro- 
cele sac wall bundles of unstriped muscle fibres of the cremaster internus 
were seen. Fibrous tissue was very abundant, enclosing large blood and 
lymph vessels. Again no lining epithelium could be distinguished. 

7. Fiyian male, aet. 30. Double hydroceles associated with peduncu- 
lated groin glands on the left and enlarged groin glands on the right. 
The right hydrocele was lobulated. The epididymes were very vascular 
and enlarged. Cultures were made from fluid and were sterile. In 
the cen rifuged fluid nothing was found. Dissection of the sac walls 
also yielded no filariae. 

8. Fijian male, aet. 45. Right hydrocele associated with slight 
elephantiasis scroti, and elephantiasis of the left leg; double enlarged 
groin glands. Straw-coloured fluid was centrifuged, but nothing found. 
Hydrocele sac, tough and vascular, was dissected and great numbers 
of well-preserved calcified filariae were found, often three and four 
together. Sections of the sac wall show bundles of muscle fibres 
surrounded by thick bands of fibrous tissue enclosing dilated lymph 
spaces and blood-vessels. No lining epithelium could be distinguished. 

9. Fijian male, aet. 60. Right hydrocele associated with elephantiasis 
of the scrotum, and double enlarged groin glands. At operation the 
straw-coloured hydrocele fluid was centrifuged, but nothing found. No 
filariae were found on dissection of the sac wall. 

10. Fijzian male, ae. 25. Left hydrocele. Operation. Straw- 
coloured fluid obtained and centrifuged; nothing found. No filariae 
found on dissection of the sac wall. 

ll. Finan male, aet. 40. Left hydrocele associated with 
elephantiasis of scrotum and left leg; double enlarged groin glands. 
Straw-coloured fluid centrifuged ; great number of cholesterin crystals 
found. The sac walls were calcified to a great extent. This calcification 
consisted of thick cords filled with amorphous masses of calcium car- 
bonate. When cleared in creosote, numbers of coiled and calcified 
filariae could be seen in the surrounding tissue. A discharging ulcer 
on the surface of the scrotum was found to communicate with a purulent 
cavity in the right epididymis. A calcified filaria was found coiled 
up in the fibrosed testicular substance. Sections of this hydrocele 
sac wall show bundles of the cremaster internus, each bundle enclosed 
by strands of fibrous tissue. 
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APPENDIX XXI. 
Details of diffuse inflammatory swellings. 


1. Fijvan male, aet. 23. Admitted with a temperature of 100° F., 
once reaching 102° F. An indefinite hard mass, the size of a tangerine 
orange, appeared in the abdominal wall in the left lumbar region, but 
quickly disappeared again. A day later a smaller one appeared just 
above the level of the umbilicus on the right side. This was very painful 
and tender to the touch. The epitrochlear glands and glands of the 
right groin were enlarged. Leucocytes numbered 14,000. Eosinophiles 
22 per cent. No microfilariae were present in the blood. A week after 
admission the lump was explored and found to be situated in the sub- 
stance of the external oblique muscle. Cultures were made from fluid 
aspirated by means of a syringe, but remained sterile. The mass was 
carefully dissected in normal saline, but no filariae or their remains were 
found. The patient made an uninterrupted recovery, and no more 
swellings appeared. 

2. Fijian male, aet. 30. Admitted with numerous abscesses and 
high temperature—l04° F. One was opened at the posterior border 
of the axilla, a second on the outer surface of the left leg below the knee, 
a third in the substance of the pectoral muscles on the left side. No 
microfilariae were found in the blood. A hard lump about the size 
of a tangerine orange appeared in the left lumbar region, apparently 
situated in the substance of the muscle, but not attached to the skin. 
The temperature remained irregular, rising to 100° F. at night. The 
mass was aspirated and a small quantity of blood-stained fluid obtained 
which remained sterile on culture. No microfilariae were found in the 
exudate. Aspiration was repeated on a subsequent occasion with a 
similar result. The leucocytes numbered 11,250, and the eosinophiles 
13 per cent. A month later the mass still preserved the same features, 
but was less painful. On discharge the lump had disappeared. Three 
months after he was seen in his native village. He was then quite normal 
and had had no recurrence of the trouble. 


APPENDIX XXII. 
Thrombosis was noted in four cases. 


1. A Solomon Islander, aet. 30,infected with microfilaria nocturna, whose 
chart is given in Appendix XI., Chart XVIII, suddenly developed a 
thrombosis of the median vein in the left arm. The arm was painful 
and there was a slight rise of temperature to 99° F. There was no local 
cause to account for it. The leucocytes at the time numbered 5,900, 
and eosinophiles 6 per cent. 

2. A Fijian male, aet. 28. Admitted complaining of pain in the left 
side of the neck and shoulder. A thrombosis suddenly developed, 
involving the axillary, median basilic, and median veins. This cleared 
up without a rise of temperature or any other disturbance. The blood 
contained no microfilariae; leucocytes numbered 6,500. Eosinophiles 
21 per cent. 
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Thrombosis in association with septic infection was noted twice. 

3. A European, aet. 28. Thrombosis of the internal saphena vein, 
together with adenitis of the groin, a staphylococcal infection of the 
pelvic glands and a high eosinophilia. 

4. A Fijian male, act. 50. Admitted with large right hydrocele and 
enlarged glands in left groin. His temperature was of an intermittent 
type, reaching 102° F. and 103° F. A thrombosis of the femoral vein 
on the left side appeared. An abscess developed at the site of the throm- 
bosis, and Streptococcus pyogenes was cultivated from the pus. Pus 
next appeared in the left knee-joint. This was opened. Films of pus 
showed quantities of streptococci and pus cells. Three weeks later, pus 
appeared in right popliteal space and streptococci were again demon- 
strated in films and on culture. The temperature became normal, and 
the patient was discharged with an oedematous swelling of both legs. 
The blood contained no microfilariae. Leucocytes numbered 10,900. 
Kosinophiles 21 per cent. : 


APPENDIX XXII: 


Details of cases of synovitis of probable filarial origin. 


1. A Fijian male, aet. 60, was admitted with painful enlargement 
of right knee-joint and temperature of 100° F., falling to normal in the 
daytime. There were enlarged matted glands in the left groin and 
the left testis was enlarged and heavy. Both spermatic cords 
were much thickened and lobulated. The blood contained but one 
microfilaria per measured slide. Under an anaesthetic the glands of 
the left groin were removed and found to contain calcified filariae. The 
right knee-joint was aspirated ; a considerable amount of fluid was found 
in the subcrureus pouch. The fluid was purulent and consisted of 
quantities of polymorphonuclear cells. No organisms were found, and 
it remained sterile on culture. A certain degree of ankylosis took place, 
and the knee-joint could not be extended beyond an angle of 70°, though 
flexion was possible. A considerable amount of fluid and thickening 
remained, but the pain disappeared. On his discharge, two months after- 
wards, the affected knee still measured two inches more in circumference 
than the left. Microfilariae could still be found sparingly in the blood. 

2. A Fijian male, aet. 23, had a violent rigor in the middle of the 
night with a typical attack of orchitis in right testis and adenitis of glands 
of right groin. The next day his right knee-joint was found to be enlarged 
and very painful. Another rigor ensued and his temperature went 
up to 104° F. The knee-joint was opened and a quantity of purulent 
fluid evacuated. The joint was flushed out with saline and weak carbolic 
solution and a tube inserted. The inflammation of the groin glands 
subsided and the temperature became normal. A considerable amount 
of ankylosis and thickening ensued. Four months later the knee-joint 
could be flexed to a right angle and measured one inch more in circum- 
ference than the left. No microfilariae were found in the blood. 
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APPENDIX XXIV. (1). 


Enlarged epitrochlear glands due to presence of live or calcified 


filariae. 

Macroscopically all such glands presented the same appearance. 
They were very vascular; the capsule was thickened and they lay 
in a mass of yellow matted lymphatic tissue ; on section a quantity of 
yellow putty-like material exuded from certain areas. 

1. Fijian, aet. 24. Enlarged gland right arm, size of a pigeon’s egg. 
No microfilariae in the circulation. Thirteen adult worms removed 
from this gland. On section numerous yellow spots were observed 
from which, on pressure, caseous material exuded. ‘This was apparently 
formed of inspissated lymph. Numerous live adult filariae were found 
in the medulla as well as in the cortex of the gland. No microfilariae 
were found in the gland juice or in microscopical sections. A quantity 
of grumous material was found round coiled and, apparently, dormant 
filariae in the cortex. No dead or calcified filariae were discovered on 
careful dissection. Microscopical sections from two portions of the 
gland show the same structure. Great fibrosis, giant-cell formation 
and collections of lymphoid cells. There are spaces in the substance 
probably representing accessory lymph spaces (vide Pl. XXYV. 3). 
Great numbers of eosinophiles are seen throughout the sections. 

2. Fijian, aet. 30. Mass of glands, size of pigeon’s egg, removed 
at operation. No microfilariae found in the blood. In the peripheral 
portions of the gland six complete calcified filariae were seen. Two live 
filariae, male and female, were found. On section the same yellow caseous 
material exuded from several points. No microfilariae were found in 
the gland juice. Microscopical sections show great fibrosis of the gland 
enclosing spaces full of lymphocytes, giant-cell formation and again 
great numbers of eosinophile cells. 

3. A Solomon Islander, aet. 30. Enlarged epitrochlear glands, size 
of haricot beans, removed from both arms. Numerous microfilariae 
with nocturnal periodicity in the blood. On dissection a calcified filaria 
was found in one gland, the other was greatly fibrosed. On micro- 
scopical section the remains of a calcified filaria were seen in a lymph 
_ space surrounded by fibrous tissue. ‘There was great fibrosis of the gland 
substance, only a few collections of lymphoid cells being found. In 
other sections lymphatic vessels with greatly thickened walls and lumina 
completely blocked by fibroblasts were seen. 

4. Fijian, aet.30. Enlarged epitrochlear glands, each size of a thrush’s 
egg, removed after an attack of orchitis and fever. No microfilariae 
found in blood. These glands were very tough and fibrous. On dis- 
section one calcified filaria was found. Microscopical sections show 
masses of lymphoid cells surrounded by fibrous tissue and numbers 
of eosinophile cells. 

5. Fijian, aet.34. A matted mass of glands in the right arm removed ; 
double hydroceles, but no microfilariae in the blood. The glands were 
very adherent to surrounding structures. The afferent and efferent 
lymphatics and blood-vessels were large and thickened. On. section 
the medulla was very fibrous, the cortex much softer and more 
adenomatous. Five completely calcified filariae were found in the 
cortical substance. In a space about the size of a hemp seed, containing 
putty-like material, a coiled and recently dead filaria was discovered. 
The process of calcification had evidently just begun. Disintegrating 
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microfilariae were observed in great numbers, together with lymphocytes, 
polymorphs, red blood corpuscles and eosinophile cells. No organisms 
were found in the exudate (Pl. XXVI., 1). Plaques of substance staining 
pink with eosin are observed in the interior of the worm, representing 
probably the commencement of calcification. The head end of another 
specimen, in which evidences of calcification are also apparent (Phot. [X.), 
was present in the gland substance, together with portions of a uterine 
tube containing ova. Microscopical sections from different portions of the 
gland were made. Pl. XXVI., 2,is drawn from such a section. Greatly 
fibrosed lymphatic tissue with dilated lymph spaces made up the greater 
portion of the gland. A structure representing probably a lymphatic 
channel, the lumen of which was almost completely blocked by proliferating 
endothelium, is shown in this figure. A great number of eosinophile 
cells were noted throughout the section. In another section portions 
of a calcified filaria, similar to those shown in Pl. XXV., Fig. 1, were 
found surrounded by fibrous tissue. A culture from the lymph of this 
gland was made at the operation and remained sterile. 


APPENDIX XXIV. (2). 


Enlarged groin glands, due to the presence of live or calcified filariae. 


1. Solomon Islander, aet.30. Enlarged inguinal glands obtained post- 
mortem. Patient had numerous microfilariae in the blood, exhibiting 
no periodicity. The lumbar glands were also enlarged. In sections 
portions of a perfect male and female were found. These were the only 
filariae discovered. Sections of the female filaria are shown in the plate, 
apparently in a dilated lymphatic vessel with greatly thickened walls ; 
the lumen of the vessel contained lymphocytes, coagulated lymph and 
a few microfilariae (Pl. XVIII.) The surrounding glandular tissue 
shows considerable fibrosis. 

2. A Fijian, aet. 49. Under observation for nine months. In life 
there was a mass of enlarged glands in the right groin, about the size of a 
duck’s egg ; this mass was only partially reducible on pressure. Above it 
the oblique set of glands was enlarged, hard and shotty. He had fre- 
quently febrile bronchitic attacks and tubercular signs at the right apex. 
No microfilariae were present in the blood; 1:5 c.c. was abstracted 
from the median basilic vein and centrifuged with a negative result ; 
slides also were made of the blood four-hourly for twenty-four hours on 
several occasions. Juymph was abstracted by means of a syringe from 
gland puncture and, on centrifuging this, numbers of discarded sheaths of 
microfilariae were found. Cultures were made from the lymph on blood 
agar and were sterile. 

Kight months after the first examination the patient was admitted 
again with haemoptysis. Gland puncture was again sterile. One 
microfilaria was found in three measured slides of blood and during 
the subsequent week they were found almost every time they were 
searched for. Just before death the microfilariae disappeared again 
from the blood, but were found on two occasions in considerable numbers 
in lymph from gland puncture. It was noticeable that they did not 
resemble those found in the blood, but had large overlapping sheaths 
at the head and tail; their nuclear structure was undifferentiated and 
they resembled those unripe forms found in the uterus of the adult. 
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At the post-mortem there were widespread indications of tuberculosis. 
The thoracic duct and receptaculum chyli were searched for filariae, 
but none were found. There was a quantity of jelly-like tissue lying 
in front of the aorta which, when punctured, exuded clear lymph. A 
similar mass of varicose lymphatics accompanied the right common 
iliac artery. The mass of enlarged groin glands was dissected out, 
together with a thick strand of lymphatic tissue which ran up beneath 
Poupart’s ligament to join the dilated lymphatics accompanying the 
common iliac artery on the right side. The following glands were dissected : 
anterior mediastinal, bronchial, epitrochlear, lumbar, and cervical, also the 
lymphatic tissue in front of the aorta and in the portal fissure. One 
calcified filaria was found in an enlarged gland lying over the left common 
iliac artery, but nothing was found in the gland on the opposite side. 
In the right epididymis numbers of calcified filariae, rolled up into hard 
yellow nodules, and a few in the substance of the spermatic cord, were 
seen. Numbers were also found in the epididymis on the left side. A 
small translucent hydrocele was found situated in front of the left testis. 
No microfilariae were found in the fluid, nor any calcified filariae in the 
sac walls. Only one microfilaria was found in smears of the spleen 
out of a number made from various organs. The enlarged groin gland 
on the right side was situated in the centre of a mass of yellow lymphatic 
tissue. It was very fibrous and a quantity of clear lymph exuded on 
section. Great numbers of disintegrated calcified filariae were found. 
The whole section of the gland appeared studded with them. In the very 
centre of the gland a live and complete male and female filaria were 
found. No microfilariae were found in smears of the gland juice nor 
in microscopic sections. Microscopic sections of the glands show 
interlacing fibrous bands enclosing masses of lymphoid cells and a great 
preponderance of eosinophile cells. Dead and calcified filariae are seen 
(Pl. XXV., 2). surrounded by strands of fibrous tissue, and in one 
instance a giant cell is seen in close proximity 

3. finan male, aet. 22 years.* Elephantiasis of the right leg for 
five years ; enlarged inguinal gland, right side, size of a thrush’s egg. 
The right testis was hard and enlarged and there was a small hydrocele. 
The left epitrochlear gland was enlarged. A culture on blood agar 
was made from the lymph from this gland immediately after removal 
and was found to be sterile. The gland, which was fibrous on section, 
was found to be studded with calcified filariae, no less than ten being 
actually found. Several were found in thickened efferent lymphatic 
trunks. Microscopical section shows great fibrosis of the glandular 
tissue enclosing areas of lymphoid cells. No microfilariae were found 
in the blood. 

4. Fijian, aet. 28. Enlarged groin glands on the right side with 
slight elephantiasis of the scrotum and large hydroceles. The inguinal 
gland on the left side was also slightly enlarged. Microfilariae were 
found sparingly in the blood, about one per slide. The glandular mass 
on the right side could be slightly reduced on pressure. In aspirated 
lymph, containing no blood, one small microfilaria with undifferentiated 
nuclear structure was seen. At the operation one large gland about 
the size of a hen’s egg was shelled out from a tangled mass of surrounding 
yellow lymphatic tissue; beneath it lay a smaller one, about the 
size of a pigeon’s egg. On section the cortex of the gland was strawberry- 


* This is the youngest patient with elephantiasis noted. 
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red in colour and clearly demarcated from the yellow fibrous medulla. 
Scrapings yielded a milky juice. No microfilariae were found in the 
gland juice. In both glands many calcified filariae were found both 
in the cortex and in the medulla, but much more numerous in the latter. 
In the smaller gland a complete calcified filaria was found blocking 
an efferent lymphatic trunk, and has been figured in an excellent micro- 
photograph by Dr. Bell (Phot. XI.). Microscopical sections of several 
portions of a calcifying filaria, undergoing disorganization, show in the 
interior of the worm fibroblasts, eosinophiles and giant-cell formation. 
The gland substance shows a remarkable invasion by fibrous tissue. 
(12 eNO Vee): 

5. Fijian, aet. 29. Elephantiasis of the scrotum ; enlarged inguinal 
gland on the left side removed. No microfilariae were found in the 
blood. In the right gland there was a discharging sinus which proved 
to be tubercular ; it contained but one calcified filaria and numerous 
caseating areas, evidently tubercular. Four months afterwards the man 
died, and extensive tuberculosis was revealed at post-mortem. Micro- 
scopically the gland had all the characteristics of a tubercular gland, 
and tubercle bacilli could be demonstrated in the caseous material. 

6. Fijian, aet. 60. Enlarged inguinal glands forming a_ pro- 
minent mass on the right side ; enlarged left testis ; acute synovitis of 
the right knee. The mass of glands could only be slightly reduced by 
pressure in the recumbent position. Gland puncture yielded lymph 
containing one small microfilaria, similar to those before described, 
and a few sheaths. The lymph obtained was sterile on agar. A large 
gland, about the size of a small hen’s egg, was removed from a mass of 
coiled, matted and thickened lymphatics. On section it presented 
a yellow fibrous medulla and a well-demarcated pink adenomatous 
cortex. A drawing was made to scale to show this remarkable difference 
(vide Pl. XXVII.). Three calcified filariae were found in this: two 
in the medulla and one in the cortex. The blood contained micro- 
filariae sparingly, only one to each measured slide of blood. No micro- 
filariae were noted in the gland juice. 

Microscopical sections were made through the adenomatous cortex 
and through the medulla. In the former situation clumps of lympho- 
cytes were seen enclosed by fibrous strands and dilated lymph and 
blood-vessels with thickened walls were frequently encountered. The 
remainder of the gland was to a great extent composed of fibrous 
tissue, fat cells and dilated blood-vessels. No excess of eosinophiles was 
noted in this instance. <A large lymphocele formed immediately after 
the operation. 

7. Fijian, aet. 30. Pedunculated groin glands on both sides ; double 
hydrocele (Phot. VII.).. The glands on the right side constituted a mass 
about the size of a man’s fist which could not be reduced. By pal- 
pation large hard masses could be made out representing both the vertical 
and oblique set of glands on both sides. Similar bodies could also be 
distinguished extending above Poupart’s ligament, representing 
probably the enlarged iliac glands. Both epitrochlear glands were 
enlarged. On puncture, clear lymph, sterile on culture, was obtained. 
The lymph continued to exude for some time. The blood contained 
no microfilariae, though 2 c.c. were abstracted from a vein and centri- 
fuged. ‘The mass of pedunculated glands was dissected out. They 
were covered with a layer of cord-like lymphatics and were very vascular. 
A cord of the thickness of the index finger could be traced upwards 
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beneath Poupart’s ligament, and downwards into Hunter’s canal. The 
_ two largest glands measured 9 cm. x 5 cm. individually. A drawing 
was made actual size (Pl. II.), of the largest. These glands consisted 
of a fibrous medulla and a vascular pink adenomatous cortex. A number 
of calcified filariae were found in the cortex and in the medulla. Part 
of a male and a perfect living female filaria were found in the centre. 
No microfilariae were found in the centrifuged gland juice. 

Microscopical section shows strands of fibrous tissue dividing the gland 
into many small nodules, and also a great excess of eosinophiles. 

8. Fijian, ae. 45. Enlarged groin glands on both sides ; double 
hydrocele, slight elephantiasis of scrotum ; enlarged epitrochlear glands 
on both sides. Lymph abstracted by puncture contained no micro- 
filariae and was sterile on culture on agar. At operation enlarged 
glands were dissected out from the mass in the right groin ; round the 
gland was a large accumulation of matted and vascular lymphatic tissue. 
No filariae found on dissection of the gland in normal saline. Micro- 
filariae were abundant in blood; averaging, in three slides, thirty-eight 
in daytime, twenty at night. 

On microscopical section the remains of two calcified filariae were 
seen lying apparently in a lymph space surrounded by greatly thickened 
and fibrosed walls (wide Pl. XXV., Fig. 1). Giant cells were observed 
in this area. A great number of eosinophile cells seen in the gland. 
substance. The lymphatic tissue of the gland is almost wholly replaced 
by fibrous tissue. 

9. Fijian male, aet. about 20. Enlarged hard and movable oblique 
inguinal glands in left groin. No pelvic glands could be palpated. 
Slightly enlarged glands in the right groin. The epitrochlear gland on 
the right side was enlarged. Glands in left groin were aspirated ; 
no microfilariae found in the lymph which was sterile on culture on agar. 
1 c.c. of blood, extracted from cephalic vein into citrate solution, was 
centrifuged, but no microfilariae were found. On section the glands 
were tough and fibrous in the centre, but had a distinct adenomatous 
cortex. Gland juice contained no microfilariae. Several pieces of 
calcified filariae were found in the yellow fibrous tissue in the medulla 
of the gland. In the cortex a complete living male and female filaria 
were found, together with part of another female. 

Microscopical sections of the gland show areas of lymphoid cells 
enclosed by bands of fibrous tissue and a marked excess of eosinophile 
cells. 

10. Finan male, aet. 20. Enlarged inguinal glands both groins. 
Enlarged left testis and epididymis. Abscess scar in the left groin ; 
markedly enlarged glands underneath it. Pelvic glands not palpable. 
No microfilariae found in slides of the blood. Enlarged glands from 
both groins removed at operation. One on the left side was found to 
be adherent to the skin beneath the abscess mark. On dissection one 
small calcified filaria found in an area containing some caseous material. 
Cultures on agar made from the glands by aspiration after removal were 
sterile. No calcified filariae were found in the gland on the right side. 
No microfilariae were found in the gland juice. Smears made of the 
caseous material showed a preponderance of eosinophile cells, but no 
tubercle bacilli or other organisms. 

Microscopical sections of the gland show fibroblasts extending between 
groups of lymphoid cells, but not to such a marked degree as noted in 
sections aforementioned. A great number of eosinophile cells was noted. 
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ll. Fijian, aet. 25. A mass of irreducible pedunculated groin glands 
on the left side, size of a duck’s egg. Oblique set of inguinal glands 
enlarged on both sides, hard and shotty. No obvious enlargement of 
pelvic glands noted. There was an abscess scar in the left groin, situated 
over the mass. Testes were normal. No microfilariae in the blood. The 
pedunculated mass was removed at operation and found extending 
as a solid cord, the thickness of the index finger, underneath Poupart’s 
ligament into the abdomen and down into Hunter’s canal. A mass 
of matted lymphatic vessels surrounded the enlarged gland, and it was 
firmly adherent to surrounding structures.: The gland, on section, was 
very tough and fibrous. There were a number of small areas containing 
caseous matter of which smears were made and found to consist to a 
great extent of lymphocytes and eosinophile cells. No living or cal- 
cified filariae were found (the gland had been preserved in formalin, 
thus making dissection a difficult task). A culture on agar, made from 
the lymph aspirated at the time of removal, proved sterile. 

Microscopical sections show islands of lymphoid cells surrounded 
by bands of fibrous tissue and a great excess of eosinophile cells. 


In addition to these cases the large irreducible mass of glands figured 
in Phot. VIII. was investigated. The individual glands which could be 
felt in the midst of an indefinite doughy swelling measured over three 
inches in length. No enlarged glands could be felt in the pelvis. Lymph 
was abstracted by means of a syringe and remained sterile on culture. 
No microfilariae were found in the lymph ; there were none in the blood. 

Only one case corresponding to the recognized descriptions of varicose 
groin glands was seen. This was in a Fijian male, aet. 28, who had a 
swelling in the left groin which could be reduced in the recumbent 
position. On palpation small shotty glands could be distinguished 
in the interior of the swelling. On puncture clear lymph continued to 
ooze out for some time. No microfilariae were found in this exudate 
or in the blood. 


APPENDIX XXV. 


Finan, aet. 21. This man was under constant observation for 
ten months and was watched through three such attacks. Being my 
cook, I had every opportunity for making observations. The micro- 
filariae were not very numerous in the blood-stream and remained 
remarkably constant throughout the whole time. Thus, in :— 
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Previous to these observations he had had three attacks of adenitis 
in the left groin ; these glands were distinctly enlarged. 
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First attack while under observation: April, 1910. Sudden rigors 
‘which continued all the night, together with intense pain in glands of 
left groin. The right testis was enlarged and painful; epididymis hard 
and painful and acutely tender on palpation. The temperature in the 
left groin was a degree higher than in the corresponding axilla (vide 
chart). Leucocytes 13,000, eosinophiles 0 per cent. (his eosinophilia 
previous to the attacks ascertained to be 5 per cent.). Eyes were blood- 
shot. The patient complained of headache, and he had vomited twice. 
Inguinal glands were punctured ; this lymph on culture on blood agar 
proved sterile. In two days the temperature became normal and the 
right testis regained its normal size. The man remained in _ perfect 
general health till September, although from time to time small painful 
red swellings appeared in various parts of his body. 

Second attack: He went to bed perfectly well, had a sudden rigor, 
attended with pain in his left testis. Temperature was 100°8° F. in 
left groin and axilla. The left testis was retracted, swollen and intensely 
painful; the epididymis was enlarged. Pulse was 108 and dicrotic. 
His eyes were bloodshot. Leucocytes 18,000, eosinophiles 1 per cent. 
The inguinal giands on the affected side were not enlarged or painful. 
The next day his temperature in left axilla was normal, in left groin 
99° F. At mid-day he had another rigor and intense pain in the other, 
the right testis, which became swollen and retracted. He complained 
of pain in his back and a definite circumscribed lump could be felt in 
the substance of the left spermatic cord. A small circumscribed trans- 
lucent swelling appeared in the tunica vaginalis in front of the right 
testis ; it had developed in twenty-four hours. This swelling was aspirated 
and 2 c.c. of turbid straw-coloured fluid was obtained. Two cultures 
were made on blood agar and remained sterile. The fluid was seen to 
be packed with corpuscles, mostly polymorphs, with a few lymphocytes 
and mononuclears and a few red blood corpuscles. It was swarming 
with active microfilariae. They were more abundant than in the blood- 
stream. Measured quantities (16 c. mm.) were found to contain a very 
variable number, from two to thirty-seven in each slide. Several micro- 
filariae were seen to be dead and undergoing granular degeneration. 
Several were sheathless and empty sheaths were seen. The fluid did 
not coagulate on standing and deposited a thick layer of pus cells. Ringed 
preparations of microfilariae from the blood and those in purulent fluid 
were kept under the same conditions at room temperature. Those in 
the blood lived thirty-six hours, those in the purulent fluid died almost 
immediately. This swelling disappeared in a few days. The corre- 
sponding testis was explored with a syringe, but no microfilariae could 
be abstracted. 

Third attack : Towards the end of the same month, when I examined 
him, he was perfectly normal, at 5.45 p.m.; at 6.30 p.m. he had a rigor 
and the right testis became swollen and acutely tender. Pain was 
referred to the right spermatic cord and to the right side of the abdomen. 
A fluid swelling could again be made out in the same situation as before. 
This was aspirated and 9 c.c. of a custard-like fluid with a reddish tinge 
obtained. The pus cells at first consisted: for the most part of 
lymphocytes, red cells,* and a very few polymorphs. Measured 
slides of this purulent fluid contained on an average five to thirteen 


* These red cells may have escaped by diapedesis owing to the intensity of the 
inflammatory process. Special care was taken that no blood entered the syringe on 
puncture, - 
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microfilariae per 16 c.mm. The temperature fell to normal and the 
right testis became reduced to normal size. On September 28th the 
swelling in front of it was again punctured and 6 c.c. of purulent fluid 
withdrawn. Polymorph cells were now found in profusion ; cultures 
remained sterile. Microfilariae were still present in the fluid, but in 
nothing like the former numbers. Measured slides showed an average of 
from three to six microfilariae per 16¢c.mm. The fluid was clearer than 
two days before. It was neutral to litmus and became solid on heating. 
The leucocytes now numbered 7,100 and eosinophiles 5 per cent. for 
some time after this he complained of constant pain in both testes. A 
fortnight later all signs of the swelling had disappeared. 

A few days before I left Fiji (February 1911), the patient was again 
examined. The right testis remained the same size as at the commence- 
ment of observations and was apparently normal. In front of the left, on 
the other hand, there was a translucent hydrocele the size of a pigeon’s 
egg. With a syringe a quantity of straw-coloured fluid was aspirated 
which contained live microfilariae, but so sparsely that they could not be 
estimated correctly in measured quantities of fluid. The fluid con- 
tained numerous lymphocytes, a few red blood corpuscles, very few 
polymorphs and eosinophiles. 


Lymphangitis of forearm. No microfilariae in blood. 


Fijian male, aet. 18. Sudden rigor. Temperature 101° F. Right 
forearm was distinctly larger than left, measuring one inch more in 
circumference, Enlargement of right epitrochlear gland. Leucocytes 
11,000, eosinophiles 11 per cent. No microfilariae were found in blood, 
though 1 c¢.c. was abstracted into citrate solution and centrifuged. 
Clear fluid aspirated from arm ; cultures on blood agar remained sterile. 


APPENDIX XXVI. (a). 


Filarial fever. 


Case 1. Vide also under Appendix X., Case 7. 

2. Fijian female, aet. 20. Seen in the morning at 10 a.m., and was 
perfectly normal. An hour later had a rigor and temperature of 102° F. 
No external signs and no microfilariae in blood-stream. Leucocytes 
numbered 18,000, and eosinophiles 2 per cent. The next morning her 
temperature was normal; leucocytes numbered 7,400, and eosinophiles 
5 per cent. 

3. Fiyian male, aet. 24. Sudden rigor. Temperature 103°4° F. 
No external signs; skin hot and dry. A few hours later temperature 
was 100°6° F.; leucocytes 14,300, and eosinophiles 2 per cent. The 
next morning the temperature was normal again ; leucocytes numbered 
10,000, and eosinophiles 8 per cent. No microfilariae were found in the 
blood-stream. 

4. Finan male, aet. 25. Large left hydrocele; right testis 
normal; enlarged glands both groins. Sudden rigor; temperature 
102° F. No external signs of acute lymphangitis. No microfilariae 
found in blood-stream. Leucocytes 9,600, eosinophiles 1:3 per cent. Two 
days later the temperature was normal, leucocytes numbered 7,800, 
eosinophiles 7 per cent. 
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5. Fijian male, aet. 30. Sudden rigor. Temperature 104:°8° F. 
No external clinical signs. Microfilariae fairly abundant in circulation, 
averaging from two to fifteen per measured quantity of blood. Leuco- 
cytes numbered 21,800; no eosinophiles were found in 300 white cells 
counted. In three days the temperature became normal. No diminution 
in the number of microfilariae was noted. 

6. Fijian male, aet. 40. Sudden rigor; violent abdominal pain ; 
temperature 101° F.; respirations rapid. Left hydrocele ; thickening of 
both spermatic cords ; slight enlargement of groin glands on both sides. 
Lower part of abdomen intensely tender and resonant; palpation 
impossible. No microfilariae found in blood. Leucocytes 14,800, 
eosinophiles 4 per cent. Two days after original attack, temperature 
became normal, but abdomen still very tender in pelvic region. When 
palpation became possible nothing abnormal could be detected. His 
leucocytes then were 8,000, and eosinophiles 10 per cent. 

N.B.--Signs of bronchitis were noticed in every one of these cases 
when the fever was at its height. 


APPENDIX XXVI. (b). 


Post-mortem examination. 


Fijian male, aet. 60. The subject of frequent attacks of filarial fever. 

The body was that of a well-nourished man who was found dead in 
his cutter in Suva Harbour. It was still warm when the post-mortem 
was commenced. ‘The presence of unchewed food in the mouth indicated 
that death must have been very sudden. 

Enlarged cervical glands formed a prominent mass on the left side 
of the neck. 

Thorax.—There were old adhesions at the apices of either lung; the 
bronchi were full of aspirated food; the lungs congested and oedematous 
at the base. The bronchial glands were enlarged. There was a quantity 
of pericardial fat, and the walls of all the chambers of the heart were 
distended and flabby. Slight atheroma of the root of the aorta was 
present. All the valves were healthy. 

Abdomen.—The intestines were healthy. Three ankylostomes were 
found in the jejunum ; there were a few superficial ulcerations in the 
sigmoid. The spleen was small and diffluent. The liver weighed 74 
ozs., and was friable and fatty on section. The kidneys were congested 
with dark blood. The cortex of both was much diminished, and there 
were some granulations on the surface of the right. The prostate was 
enlarged. The right testis was tough and large. On_ section the 
epididymis was seen to be composed mostly of fibrous tissue from which 
yellow putty-like material exuded on pressure. In smears of this great 
numbers of disintegrating microfilariae were found. (The majority 
were sheathless and they stained indifferently, the nuclear structure 
being ill-defined.) A great many empty sheaths were seen. They 
resembled the microfilariae found in an epitrochlear gland—see Pl. 
XXVI. No tubercle bacilli or cocci could be demonstrated in this 
material. Two calcified filariae were found in the epididymis. There 
was no hydrocele. 
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Microscopical sections of the epididymis are most interesting. 
Portions of a female filaria can be seen in a space surrounding poly- 
morphonuclear cells, lymphocytes and eosinophiles, and amongst these 
microfilariae and ova can be recognized (Pl. XXIX.). The remaining 
structure is formed almost entirely of fibrous tissue; no vasa efferentia 
can be made out. A noticeable fact is the number of eosinophile cells 
in the surrounding tissue. 

The following lymphatic glands were found to be markedly enlarged : — 
The inguinal, the external and internal iliac, the lumbar (some of which 
were 14 inches in length), all the mesenteric, the bronchial and the 
superficial cervical. In the internal iliac, lumbar and mesenteric, macro- 
scopic changes were noted on section. The centre of each was occupied 
by round and oval areas composed of the same yellow, friable, putty-like 
material as noted in the epididymis. Calcified filariae were found in 
the lumbar, bronchial, mesenteric, superficial cervical and epitrochlear 
glands. They were especially numerous in the bronchial group. The 
lymphatics accompanying the spermatic vein were thickened, forming 
a prominent cord. The thoracic duct was searched for, but not found. 

All the matted lymphatic tissue in the posterior part of the abdomen 
and the mesentery was teased out in normal saline solution, but no live 
adult worms were found. In the thorax the lymphatic tissue in the 
posterior mediastinum was treated in a similar manner. 

Microscopical sections of the glands are of great interest. 

(1). Section of inguinal gland shows more or less normal structure, 
but considerable fibrosis of the capsule and trabeculae. 

(2). Internal iliac gland shows round masses of lymphocytes enclosed 
in fibrous tissue, and a great preponderance of eosinophile cells. 

(3). Internal iliac gland No. 2 shows even more pronounced fibrosis 
and stenosed lymphatic vessels. 

(4). Lumbar gland No. 1 (Pl. XX VIII., 2) shows little glandular struc- 
ture remaining ; it is composed principally of ramifying bands of hyaline 
fibrous tissue enclosing giant cells and stenosed lymphatic vessels. The 
giant cells are of great size, and the nuclei are large and arranged for the 
most part round the periphery of the cell. No tubercle bacilli or cocci 
can be made out by appropriate stains. Although I do not mention 
it each time, in the case of every section in which giant cells were found, 
the tissue was stained and searched for tubercle bacilli. 

(5). Lumbar gland No. 2 similar to the last. 

(6). Lumbar gland No.3 shows large round homogeneous areas stained 
faintly pink with eosin, in which a few lymphocytes and fibroblasts 
can be distinguished. 

(7and8). Lumbar glands Nos. 4 and 5 show exactly similar structure 
to the preceding. 

(9). Mesenteric gland (Pl. XXVIII.) shows large areas of hyaline 
material (probably stagnated lymph), but no giant cells. 

(10). Asection of a calcified filaria (decalcified by Von Ebner’s solution), 
from the same gland, shows the worm enclosed in dense concentric rings 
of fibrous tissue in which the details of the structure of a filaria can 
still be recognized. 

(11). Bronchial gland shows great fibrosis of the glandular tissue 
surrounding a calcified filaria. The fibrous strands enclose in their 
meshes lymphocytes and endothelial cells filled with pigment. 

(12). Epitrochlear gland shows considerable fibrosis; enlarged lymph 
vessels with thickened walls containing In many cases coagulated lymph. 
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Sections of liver show marked signs of venous engorgement and fatty 
degeneration of the liver cells. 

Spleen engorged with blood in which a number of polymorphs can 
be distinguished. No organisms found when stained by Weigert’s 
method or by methylene blue. 

Pancreas also engorged. Fatty infiltration of glandular substance. — 

Kidneys, venous engorgement. Degeneration of lining cells of the 
urinary tubules. Lumen filled with coagulated material. 

Lungs, marked signs of back pressure and fibrosis. The interalveolar 
capillaries are engorged and in some cases blood is extravasated into 
the alveoli. 

The brain was engorged and oedematous. There were no haemorrhages. 

Four smears each were taken from the heart’s blood, lungs, liver, 
spleen, pancreas and kidney, but no microfilariae were found in any of 
them. 

Smears of various glands were stained for pyogenic organisms, but 
none could be found. 


APPENDIX XXVII. 


Details of cases of septic infection following on inflammation of 
probable filarial origin. 


1. A Solomon Islander, male, aet. 22. Two years resident in Fiji; 
admitted in rigor, with a temperature of 102° F., complaining of 
pain in glands of left groin and in the lumbar region. The glands of 
left groin were definitely enlarged, hard and tender. The spermatic 
cord of left side thicker than on right and painful on palpation. Definite 
masses could be made out in left iliac fossa. Spleen enlarged 14 inches 
below the costal margin (from old-standing malaria). White cells 
15,000, reds 4,500,000, eosinophiles 2 per cent. Blood, no microfilariae. 
The enlarged and hard iliac glands situated above Poupart’s ligament 
(external iliac glands) were punctured. Lymph from these glands 
remained sterile on culture. The temperature remained raised for 
three weeks; the pelvic glands continued tender on deep palpation 
and there was definite pain on flexing and extending hip-joint. Two 
and a half months later, he was readmitted with hard and painful iliac 
glands and pain referred to hip-joint on left side. The external iliac 
glands were larger than before and were hard and tender. An indefinite 
mass could be felt in left iliac fossa. Great pain was experienced on 
flexing and rotating hip-joint on that side. There was slight flattening 
of left gluteus maximus, but no shortening of the femur could be made 
out. The temperature was still raised to 99° F. at night. The blood 
contained no microfilariae. The white cells numbered 10,600 per c. mm., 
and the red cells as before; eosinophiles 7 per cent. The glandular 
mass above Poupart’s ligament was seared and punctured; the fluid 
obtained contained polymorph, lymphocyte and eosinophile cells, and 
on culture grew Staphylococcus pyogenes albus. 

The symptoms referred to the hip-joint grew worse and the patient 
lay now with hip flexed and rotated outwards. He was operated on; 
two hard and enlarged glands were dissected out from behind the 
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peritoneum. On section a number of cheesy areas were found scattered. 
throughout the substance. Two cultures were made from the gland 
substance abstracted by means of a sterile syringe and grew pure culture 
of Staphylococcus albus. 

In smears of the cheesy material no tubercle bacilli, cocci, or micro- 
filariae could be demonstrated, but the uterus of an adult filaria containing 
ova and microfilariae was found (Pl. XX XII., 2). Sections were made 
through different parts of the gland substance and revealed fibrosis and 
giant-cell formation. The giant cells, which are of great size, were situated 
in a homogeneous area, composed of fibroblasts and hyaline substance, 
in which by repeated staining by Ziehl-Neelsen method no_ tubercle 
bacilli could be demonstrated. The surrounding tissue was packed with 
inflammatory cells and lymphocytes (Pl. XXXII., 1). 

Three hours after operation the patient had a rigor with a tempcrature 
of 104° F., but the wound healed by first intention, the pain in the hip- 
joint disappeared, and the patient walked out of the hospital without a 
limp, two weeks after the operation. 

2. A Solomon Islander, male, aet. 30. Three years in Fiji; admitted 
for constant pain in glands of left groin and hip-joint. Temperature 
of a hectic type, 100-103° F. at night. There was a large swollen mass 
of matted glands in the left groin, hot and tender to the touch. An 
indefinite swelling could be made out on deep palpation in the left iliac 
fossa. Testes were normal. Blood contained no microfilariae. Glands 
were punctured, but no microfilariae found in gland juice. Aspirated fluid 
on culture grew Staphylococcus pyogenes albus and on a second occasion 
Staphylococcus pyogenes albus and aureus. Leucocytes 10,000 ; eosino- 
philes 4 per cent. ) 

A fortnight after admission the symptoms became more definitely located 
to the hip-joint. At the operation an incision between the hamstring 
and adductor muscles was made, and a quantity of dark green pus escaped 
with great force. About two pints were evacuated which on culture 
yielded pure growth of Staphylococcus pyogenes albus. On examination 
tracks were found leading into hamstring muscles and up to the ramus 
of the pubes, which was laid bare and necrosed. The whole capsule 
of the hip-joint was destroyed and bare bone could be felt on the neck 
of the femur. Smears of pus showed numerous staphylococci. <A tube 
was inserted, drainage was free, and the wound soon healed. Seventeen 
days after the operation the patient was walking about with a joint 
freely movable in every direction and painless. Blood examination 
gave the white cells as 5,200 per c. mm., and eosinophiles 10 per cent. 
No microfilariae were found. 

3. A Huropean, male, aet 29. Three years resident in Fiji; ad- 
mitted with inflamed glands in left groin. Three weeks previously had 
a large abscess in substance of right gastrocnemius muscle. He was 
unable to sleep at night on account of pain in left groin. An indefinite 
tender mass could be palpated in left iliac fossa. Temperature of hectic 
type up to 102°F.at night. Patient was emaciated and septic in 
appearance. No microfilariae were found in blood. Leucocytes 11,250 
per c. mm., red cells 3,350,000, eosinophiles 7 per cent. Stools contained 
no ova. On puncture of an inguinal gland one sheath of a microfilaria 
was found and on culture the gland juice grew Staphylococcus pyogenes 
albus. ‘Testes were normal. During the week after admission the 
symptoms became definitely located to the hip-joint, and the inflam- 
matory mass in left iliac fossa more apparent. Thigh remained flexed 
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and everted. The patient was unable to extend it on account of pain. 
The internal saphena vein now became thrombosed and formed a definite, 
hard, moveable cord. 

At operation an incision was made above the anterior superior spine 
and a mass of infiltrated tissue was found lying behind the peritoneum. 
This was carefully dissected away and a loculus was discovered con- 
taining thin purulent fluid. The finger was introduced and a matted 
mass of pelvic glands found, leading downwards to the pelvis. Culture 
made from the fluid grew Staphylococcus pyogenes aureus in pure culture. 
The thickened tissue round the dorsum ilii was explored and similar 
fluid obtained, and also from the hip-joint. The wound was drained 
and the patient did well, leaving the hospital after an illness of four 
months. On discharge there remained a small sinus discharging clear 
fluid. All the movements of the hip-joint were free, easy and painless. 
No shortening could be made out. The left thigh was wasted and 
measured half inch less than the right. There was still some thickening 
in the left iliac fossa. Seven months after the original illness he was 
examined again. He was in perfect health and all the pelvic thickening 
had disappeared. 

4. A Fijian male, aet.21. In hospital with abscess in left groin 
invading the hip-joint, which, after discharging for two months, left 
him with a ankylosed hip ; there was a simultaneous attack of orchitis, 
and he had a small hydrocele on the left side. The whole of the left 
leg was considerably wasted, being 24 inches less in circumference in the 
middle of the thigh than the opposite member. There was absorption 
of the neck of the femur, measurements being 3 inch less on the left than 
on the right side. Blood contained great numbers of microfilariae, 
averaging from forty to ninety per 16c. mm. (Appendix XI., Chart VIII.). 
When seen, five months after discharge, he was able to walk leaning on 
a bamboo pole. The sinus had quite healed. 


APPENDIX XXVIII. 


Cultures of lymph from elephantoid tissue. 


. Culture medium. 

(1). Lymph from enlarged groin gland Agar After 48 hours 
and from elephantiasis of scrotum, incubation. 
removed at operation. tt sterile 

(2). Lymph from elephantiasis of 
scrotum. 

(3). Lymph from elephantiasis of arm. Ss 

(4). Lymph from elephantiasis of arm. Blood agar 

(5). Lymph from elephantiasis of arm. i 

(6). Lymph from elephantiasis of arm. Agar 

(7) 

(3) 


99 , 29 


. Lymph from elephantiasis of arm. 
. Lymph from elephantiasis of left 
leg. 
(9). Lymph from elephantiasis — of 
scrotum and from enlarged groin 
glands. 
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APPENDIX XXIX. 


Details of three cases of elephantiasis in Europeans. 


l. F.G., trader, aet.66. Resident forty-six years in Fiji; after twenty- 
six years’ residence came to live in Lakemba (the most heavily infected 
island in the group). There he suffered from enlargement of both arms 
which he stated afterwards disappeared. Hydroceles developed and 
were tapped. His left leg began to swell painlessly ; the right followed. 
He is positive that he never suffered from lymphangitts. He had an 
abscess in the right calf 14 years ago. 

Both testes were found to be slightly enlarged, and there was slight 
thickening of the scrotum, also elephantiasis of both legs below the 
knee. The flexure at the ankle was obliterated, the swelling being con- 
tinued on to the dorsum of the foot as far as the toes. There was no 
enlargement of the groin glands. Both epitrochlear glands were 
enlarged. No microfilariae were found in the blood. 

2. Mrs. F., aet. 50. Resident in Fiji thirty-seven years. Suffered 
from elephantiasis of left leg, and recurring attacks of lymphangitis, 
which proved very troublesome. These attacks began after five years’ 
residence, and recurred about three or four times every year. She 
described the attacks as coming on suddenly with a rigor; the glands 
of the groin became enlarged and very tender; red streaks appeared 
extending from knee to ankle. The left leg, the one always affected, 
gradually began to get larger. The patient was positive that the leg 
always became larger with each attack of lymphangitis and subsided again. 
The fever lasted generally three days and she was generally unable to 
get about again for a week. After her last two confinements she had 
had trouble in the affected leg owing to thrombosis. On examination 
the left leg was 14 inches larger in circumference than the right. The 
skin was rough and discoloured. The flexure of the ankle was obliterated 
and there was a puffy swelling on the dorsum of the foot which pitted 
slightly on pressure. There were localized thickened areas of skin 
situated in front of the tibia, just below the knee. Both sets of groin 
glands were enlarged. The patient was positive that when away from 
Fiji she never suffered from lymphangitis. She spent three years in 
New Zealand and never had an attack there. I saw the patient once 
during an attack of fever; this was preceded by a rigor. The groin 
glands were very tender and were more enlarged than on the previous 
examination. The skin below the knee was intensely red, hot and tender ; 
her temperature was 101° F. Leucocytes 13,000, eosinophiles 1 per cent. 
Her normal eosinophilia was afterwards determined to be 4 per cent. 
No microfilariae were ever found in the blood. 

3. H. B., a planter, aet. 53. Resident in Fiji thirteen years. Began 
to get attacks of lymphangitis after three months residence. First had 
attacks in his left arm, then attacks of orchitis. Lymphangitis in both 
legs supervened and glands in both groins became enlarged. In the 
last five years both legs had swollen up after each attack. The attacks 
were now frequent and were ushered in by rigors, the glands in the popli- 
teal space enlarging ; red streaks which course down to the internal 
malleolus may or may not appear. On examination he had marked 
elephantiasis of both legs below the knee, the calf and flexure of ankle 
were obliterated, the skin thickened and rough. There was a marked 
swelling on the dorsum of the foot, which did not extend quite to the 
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toes. The glands of both groins were enlarged and hard ; both testes 
were enlarged, but there were no hydroceles. No microfilariae were 
found in the blood. 


(4)—Details of four cases of filarial disease in Europeans; with 
special reference to length of residence in Fiji before the 
appearance of symptoms. 


A. A. B., a trader, aet. 43. Sixteen years’ residence in Colony; had 
no symptoms of filariasis until a few months before observations com- 
menced. Then a circular and thickened red patch appeared about 
half-way up the right upper arm on the inner side. At first it was painful, 
but a week before the case came under observation he had rigors and a 
typical attack of filarial lymphangitis.. Besides this, there was a small 
tender cyst-like structure situated immediately over the cephalic vein 
on the flexor surface of the same arm. The red patch disappeared 
in about a week and only a _ thickening remained. About 34 
microfilariae were found per slide, and his eosinophilia was 8 per cent. 

B. A. M. H., male, aet. 27. In Fiji one and a quarter years, during 
which time he had orchitis, accompanied by adenitis of groin glands, 
twice. The epitrochlear gland in his right arm was enlarged and a 
similar condition was noted in the glands of both groins. No micro- 
filariae were found in his blood. His eosinophilia was 8 per cent. 

co. T'.S., male, act. 33, storekeeper. Ten years in Fiji and three years 
in a highly infected district (Loma-Loma). After one and a half year’s 
residence there he had an attack of orchitis in left testis and was laid 
up for ten days. A second attack of orchitis occurred three weeks before 
my observations were made. Left testis and the glands of both groins 
were swollen and painful. Six weeks before observations commenced 
he had an attack of lymphangitis in right arm, apparently starting 
from.the epitrochlear gland which became enlarged and painful. The 
whole forearm became swollen, red streaks of lymphangitis were noticed ; 
axillary glands were enlarged. No microfilariae were found in the blood. 
His eosinophilia was 6 per cent. 

D. N.C., male, aet. 77, trader. Fifty-two years in Fiji. First attack 
of lymphangitis in right arm occurred after twenty-four years’ residence ; 
did not have another attack till fourteen years ago, when the same 
situation was similarly affected. Then his left knee-joint suddenly 
became swollen and at the same time an abscess in his left groin 
developed. Being unable to obtain medical attendance, the abscess 
in his knee-joint burst into the left popliteal space and left him with 
complete ankylosis and his knee became bent at a right angle. Three 
years ago he had an attack of lymphangitis in his left leg. On examination 
his knee-joint was found to be completely ankylosed ; there was a great 
thickening and the patella was adherent to the femoral facet. No 
microfilariae were found in the blood. An eosinophilia of 5 per cent. 
was present. The groin glands were not markedly enlarged. 


(5)—Lymphatic oedema secondary to axillary abscess ; Staphylococcic 
infection of lymph; Microfilariae in blood. 
Fijian male, aet. 55. Admitted with marked swelling of left arm, 


extending from the first interphalangeal joints of the fingers to the elbow. 
The circumference of the affected arm was two inches greater at the 
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elbow and one inch at the wrist than that of the right side. His temperature 
was 104° F. There was a large axillary abscess and on opening this the 
temperature became normal. The oedema of the arm persisted. The 
skin pitted easily on pressure and quantities of fluid could be withdrawn 
from the connective tissue by means of a syringe ; this fluid on blood 
agar grew Staphylococcus pyogenes albus. Microfilariae were found 
in the blood and their sheaths in the lymph from the arm. The swelling 
now began to subside gradually and a fortnight later it had disappeared. 
Three months later he was seen again and the arm found to be quite 
normal. The microfilariae still persisted in the circulation and were 
equally numerous. 


APPENDIX XXX. 


Details of minute dissections of five scrota removed at operation. 


1. Fijian male, aet. 35. No microfilariae found in blood. Scrotum 
weighed thirty pounds. A layer of thick tissue was found, about two inches 
thick and cutting like an unripe pear, beneath the skin. In the lower part 
of the scrotum this indurated tissue was about four inches thick. Sur- 
rounding the testes was a blubbery mass in which dilated and thickened 
lymphatics and veins could be seen. The lymph which exuded 
coagulated almost immediately. The whole mass was dissected up 
after operation. A cheesy mass about the size of a walnut was found; 
scrapings of this showed large numbers of eosinophile cells. Micro- 
scopical sections of the thickened integument show numerous bundles 
of dartos muscle, connective tissue swollen with lymph, collections 
of lymphocytes, dilated blood-vessels and numerous dilated lymph- 
vessels. Stained by Weigert’s stain the connective tissue fibres show 
up very plainly. In sections through the blubbery portion large masses 
of lymphoid cells are seen amid hyaline connective-tissue fibres. 

2. Fijian male, aet.40. No microfilariae found in blood. Scrotum 
weighed eight pounds. In the lower portion the tissue was of 
the consistency of an unripe pear and measured three-quarters of an 
inch in thickness. Round the testes was a diffuse blubbery mass, con- 
taining enlarged veins and thickened lymphatics. The lymph which 
exuded from the amputated scrotum coagulated almost immediately. 
Several small yellow areas were found in the substance, containing putty- 
like material. Sections of the tissues in the main resemble those of 
the foregoing cases. 

3. Fijan male, aet. 29. No microfilariae in blood. Scrotum weighed 
four pounds. The firm integumental tissue was about three quarters 
of an inch thick, being thickest at the lower part of scrotum. Large 
amount of blubbery tissue was situated around the testes and spermatic 
cords. The lymph which exuded coagulated almost immediately. 
A number of yellow areas varying in size from a shilling piece to a hemp- 
seed were found scattered through the substance containing the putty-like 
material ; smears made of this show no tubercle or other bacilli, but 
great numbers of eosinophile cells. The groin glands on the left side 
removed at the same time showed caseous areas which on section proved 
to be tubercular. Calcified filariae were found in them. Sections were 
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made through three of the putty-like masses described above; two 
of these show marked giant-cell formation, surrounded by inflammatory 
cells and fibrous tissue. In the third, the remains of a dead filaria sur- 
rounded by strands of peculiar hyaline connective tissue were discovered. 
A drawing is given of this (Pl. XX XIII.) Sections of the thickened 
integumental tissue show dilated blood and lymph spaces, bundles of 
dartos muscle and hyaline connective tissue swollen with lymph. In 
sections of the blubbery tissue quantities of coagulated lymph, large 
lymph spaces and dilated blood-vessels are seen. 

After the operation the groin glands on the right side broke down 
and discharged tubercular pus; a perineal abscess of tubercular origin 
formed and. there were marked signs of pulmonary tuberculosis. Some 
months later this patient died. 

The value of the post-mortem was somewhat detracted from by 
extensive tuberculosis. The body was very emaciated. There were 
dense adhesions between the lobes of both lungs and between both layers 
of the pleura. The substance of the lungs was packed with caseating 
tubercular foci and miliary tubercles. There was a large amount of 
ascites due to tubercular peritonitis and a tubercular perforation of 
the caecum. The surface of the liver was studded with miliary tubercles, 
and there were caseating tubercles in the substance. The spleen was 
packed with tubercles and the intestinal mucosa covered with tubercular 
ulcers. The iliac and lumbar glands were enlarged and contained 
caseating tubercular foci. The lymphatic tissue lying in front and on 
each side of the abdominal aorta and iliac vessels was in a varicose con- 
dition and when punctured exuded clear lymph. The thoracic duct 
‘was not found. The lymphatics accompanying the spermatic arteries 
were thickened, but not varicose. Both testes were enlarged. They 
were tough and ‘fibrous and the epididymis was converted into a mass of 
fibrous tissue. No calcified filariae or their remains were found. 

4. Fijian male, aet. 60. Microfilariae found sparingly in blood. 
Scrotum weighed eight pounds when removed. The integumental 
layer was for the most part firm and of the consistency of an unripe 
pear. ‘The central blubbery mass contained quantities of lymph which 
coagulated immediately. Blubber-like tissue was found surrounding 
the testes which were hard and enlarged; the spermatic cords were 
thickened and nodular. A number of circular areas containing yellow, 
putty-like material were found ; smears of this substance show numbers 
of polymorphonuclear cells, and a portion of a uterus of a dead filaria 
containing ova could be recognised. Microscopical sections of the 
integumental tissue show numerous bundles of dartos muscle, connective 
tissue swollen with lymph, dilated lymph spaces and blood-vessels, and 
collections of lymphocytes. 

5. Fijian male, aet. 40. No microfilariae found in blood. The 
scrotum weighed eight pounds. <A large ulceration at the base com- 
municated with an abscess cavity in the right epididymis. The whole 
of the elephantoid tissue which was of the consistency of an unripe 
pear was dissected ; the central blubbery tissue was found, as in other 
cases. Sections show large bundles of dartos muscle, connective tissue 
wollen with lymph, dilated lymph spaces and collections of lymphocytes. 
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APPENDIX XXXI. 
Experiments with microfilariae in different sera and solutions. 


Technique. Live microfilariae were obtained in great numbers for 
experimental purposes as follows :—The same patient (Tiveta, Appendix 
XI., Chart II.) was used throughout. The skin over the median 
basilic vein was cleansed with ether and alcohol and perchloride solution 
(1-1000). A lLe.c. syringe sterilized and containing }th c.c. of 1 per 
cent. citrate solution was inserted into the vein, and 4ths c.c. of blood 
aspirated. The blood so obtained was ejected into a centrifuge tube, 
previously sterilized, containing more sterilized citrate solution. This 
tube was then centrifuged. When all the red corpuscles had been 
thrown down, the microfilariae were found coiled up and adhering to 
one another in the ‘“ buffy” layer. -Measured quantities of these were 
pipetted off with a sterilized Thoma-Zeiss pipette and placed in definite 
quantities of different solutions and sera in sterilized welled slides. 


Experiment 1. Room temperature. 


1. Microfilariae + serum of patient from whom microfilariae were 
obtained. Dilution of serum with normal saline | in 3. Lived three days. 

2. Microfilariae + serum of patient in an attack of filarial fever 
(temperature 102°). Equal parts of solution containing microfilariae 
and serum. Lived nine days. 

3. Microfilariae + serum of a patient (Henry) immediately before 
third attack of orchitis. Lived three days. 

4. Microfilariae + serum of same patient (Henry) immediately after 
third attack of orchitis. Lived seven days. 

5. Microfilariae lived in the citrate solution in which they were 
abstracted three days. 


Experiment 2. Room temperature. 


1. Microfilariae + normal saline solution, equal parts. Lived forty- 
eight hours. 

2. Microfilariae + serum of European (P.H.B.) Equal parts. 
Lived five days. 

3. Microfilariae + serum of patient with elephantiasis scroti. 
Dilution of serum with normal saline 1 in 4. Lived five days. 

4. Microfilariae -+ atoxyl 1/2,000,000 (in normal saline). Lived _ 
sixty hours. 

5. Microfilariae -+ antimony tartrate 1/2,000,000 (in normal saline). 
Dead in twenty-four hours. 

6. Microfilariae -+- quinine bihydrochloride 1/2,000,000 (in normal 
saline). Dead in twenty-four hours. | 


Experiment 3. Room temperature. 


1. Microfilariae -+- atoxyl (in normal saline) 1/10,000. Lived 
thirty-six hours. 

2. Microfilariae + antimony tartrate 1/10,000 (in normal saline). 
Lived three and a half hours. 

3. Microfilariae + antimony tartrate 1/7,500 (in normal saline). 
Lived three and a half hours. 

4. Microfilariae -+- quinine bihydrochloride 1/10,000 (in normal 
saline). Lived fourteen hours. 

5. Microfilariae + sterilized and distilled water, equal parts. Lived 
fourteen hours. 
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Experiment 4. Room temperature. 
1. Microfilariae + atoxyl (in normal saline) 1/2,000. Lived eight 


hours 

2. Microfilariae -- antimony tartrate (in normal saline) 1/2,000. 
Lived half an hour. 

3. Microfilariae + normal saline equal parts. Lived sixteen hours. 

4. Microfilariae + serum of patient with filarial fever (temperature 
102° F.). Lived three days. 

5. Microfilariae + quinine bihydrochloride 1/2,000 (in normal saline). 


Lived half an hour. 


Experiment 5. Room temperature. 
1. Microfilariae -+- normal saline equal parts. Lived thirty hours. 
2. Microfilariae + sterilized and distilled water. Lived twenty-four 


hours. 
3. Microfilariae + antimony tartrate (in normal saline) 1/10,000. 


Lived two and a half hours. 
4. Microfilariae + quinine bihydrochloride (in normal saline) 1/10,000. 


Lived thirty hours. 
5. Microfilariae + atoxyl (in normal saline) 1/10,000. Lived 


seventy hours. 


Experiment 6. Room temperature. 


1. Microfilariae + serum from Solomon Islander with synovitis of 
‘hip-joint and adenitis. Temperature 101° F. Lived four days. 

2. Microfilariae + serum of patient (Henry) with filarial orchitis. 
Temperature 101-2° F. Lived eighteen hours. 

3. Microfilariae + serum of patient with filarial orchitis. Tempera- 
ture 104°. Lived three days. 

4 Microfilariae + serum of European (P.H.B.) one part microfilariae, 
three parts serum. Lived twenty-four hours. 

5. Microfilariae + serum of European (W.J.M.) one part micro- 
filariae, three parts serum. Lived twenty-four hours. 

6. Microfilariae + serum of European (E.M. B.) one part micro- 
filariae, three parts serum. Lived twenty-four hours. 


In the tubes containing citrate solution, placed in the incubator at 
37° C., the microfilariae never lived more than twelve hours. This fact 
appeared in some way to be connected with the reduction of the haemoglo- 
bin. The solutions remained sterile; cultures, made from this fluid after 
three days in the incubator, on agar showed no growth. The same result 
was noted from a series of experiments with microfilariae in various 
solutions in welled slides: the reduction of oxy-haemoglobin at this 
high temperature takes place more rapidly, thereby depriving the 
microfilariae of their supply of oxygen. In hydrocele fluid at room 
temperature the microfilariae lived thirty-six hours. 

Experiments were undertaken to find out. whether the microfilariae 
are unable to stand higher degrees of temperature than that of normal 
blood. Considerable difficulty was experienced in using welled slides 
on account of the water of condensation accumulating and obscuring 
the view. Centrifuge tubes containing microfilariae in blood and citrate 
solution were placed in a water bath at varying temperatures, A sterile 
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clinical thermometer was placed inside each tube to record the tem- 
perature more accurately. Drops of fluid were taken out at varying 
intervals and examined to see if all the microfilariae were still alive. 

1. At 104° F. Lived six hours. (Control at room temperature 
lived three days). 

2. At 108° F. All dead after eight hours. 

In all such experiments great reduction of the haemoglobin was noted. 


APPENDIX XXXII. 


The action of certain drugs, when injected intravenously, on the 
numbers of circulating microfilariae. 


Antimony tartrate. 


1. Fijian male, aet. 24. Fracture of right leg. No symptoms of 
filariasis. Numerous microfilariae found in the blood. 

1 gr. antimony tartratein 10 ¢.c. normal saline injected into median 
basilic vein. No diminution in the numbers of microfilariae was noted. 
Observations were continued for four days after the injection. No 
rise of temperature was noted after the injection. 

2. Fijian male, aet. 30. No signs of filarial disease. A number of 
microfilariae in blood. 1 gr. antimony tartrate in 10 c.c. normal 
saline injected into median basilic vein. No diminution in the numbers 
noted. There was no rise in temperature after the injection. 

3. Fijian male, aet. 26. Operation for tumour in left spermatic 
cord. History of attacks of lymphangitis; thickened lymphatics 
in right arm. Injection of 1 gr. antimony tartrate in 10 c.c. normal 
saline into median vein. No decided diminution in the numbers of 
microfilariae noted. A count was made every twelve hours for three 
days before the injection and for five days afterwards when the micro- 
filariae numbered 11 per measured slide. Before the injection 
they averaged 16 per measured slide. 


Atoxyl. 


4. Finan male, aet. 40. Enlarged and varicose groin glands, 
right. In hospital for septic toe. Injection of atoxyl 1 gr. in 10 per cent. 
solution (normal saline) into median basilic vein on two occasions. No 
diminution in the numbers of microfilariae, or rise of temperature, was 
noted. In order to ascertain whether the toxins of a Staphylococcus 
pyogenes aureus isolated from a filarial abscess would prove inimical 
to the microfilariae, a vaccine of 100,000,000 cocci was injected subcuta- 
neously into the same patient immediately after the injection of atoxyl. 
On this occasion too, no diminution of the microfilariae in the blood 
was noted. 

5. Solomon Islander, aet. 30 with filaria nocturna. ‘Two injections 
of atoxyl, 1 gr. in normal saline on two separate occasions. No 
definite diminution in the number of microfilariae which could be 
ascribed to this drug, or alteration of their periodicity, was 
noted. From inspection of the chart it certainly seems as if a 
small diminution had taken place, and observation extending over 
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the subsequent three months showed them always to be present at 
night in smaller numbers. In October 11 were counted (an average 
of three slides). 


Quinine. 


6. Fijian male, aet. 23. Physical condition good. No symptoms 
of filariasis. Injected extravenously with 5 gr. quinine  bihydro- 
chloride in 2 ¢.c. sterile normal saline. No diminution of microfilariae 
noted. Before the injection he had an average of 21 (three 
slides counted) microfilariae per 16 c.mm. blood. Observation two 
days after the injection showed an average of 26 microfilariae 
(three slides counted). There was no rise in temperature following 
the injection. 


Staphylococcus vaccine. 


7. In addition to the case already mentioned, a Fijian male, aet. 26, 
with no symptoms of filarial disease, was injected subcutaneously with 
a vaccine of 100,000,000 Staphyloccus pyogenes aureus, isolated from 
a filarial abscess. 42 (average of three slides) microfilariae per 
16 c.mm. were present at the time of inoculation. No rise of 
temperature was noted. A count was made every, day after the injec- 
tion, and on the third they averaged 46 per 16 c.mm., and a fortnight 
later 48. 


see NDIA XXXII.—Case I.—Four Hour Chart of Filaria with no 
periodicity. Injection of antimony tartrate 1 gr. 


Name: Wanganese. face: Fijian male, aet. 24. 
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APPENDIX XXXII.—Case III.—Four Hour Chart of Filaria with no 
periodicity. Injection of antimony tartrate I gr. 
Name: Sakiusa. Race: Fijian male, aet. 26. 


May, 1910. jl June | 2 3 4 


Number of 
microfilariae 
per 16 c. mm. 


blood. One 
slide taken 
every four 
hours. 
APPENDIX XXXII.—Case IV.—Four Hour Chart of Filaria with no 
periodicity. Injection of atoxyl I gr. in 10% solution. 
Name: Aminio. Race: Fijian male, aet. 40. 
August, 1910. 16 they 18 23 24 25 


Number of 
microfilariae 

per 16 c. mm. 
blood. Average | 
of three slides < 
every four 
hours. 
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APPENDIX XXXIII. 


Observation on habits of Stegomyta pseudoscutellaris. 


Stegomyia pseudoscutellaris being undoubtedly the commonest mosquito 
in Fiji, any extended observation I was able to make on its habits may 
not be out of place. It is found in great quantities all along the coast 
line, particularly in the mangrove swamps. In the native villages of 
the eastern islands, where elephantiasis and other diseases of filarial 
origin are very prevalent, it swarms, but inland it is not seen 
in anything like the same numbers. It is a bold feeder* and, unlike 
Culex fatigans, is easily captured while feeding. Being a purely day- 
feeding species, it was only with difficulty induced to feed at night and 
then only on the strongly illuminated side of the cage. In localities 
where this mosquito is common I almost entirely failed to breed it 
from larvae collected in fresh water, though on the sides of a brackish 
creek, so commonly found running through Fijian villages (Phot. XVII.), 
I had no difficulty in capturing 200 imagines from off the back of one 
native in twenty minutes. There is an island in Suva Harbour very 
appropriately named Mosquito Island. It is about a quarter of a mile 
in circumference, fringed with mangrove swamps and clothed with 
coconut trees and rank vegetation. There is not a single pool of fresh 
water in the island, yet S. pseudoscutellaris swarms there to such an 
extent that I never had any difficulty in filling my cages with 2-300 
specimens fed on infected blood during a quarter of an hour’s stay. 
Having satisfied myself experimentally that they cannot breed in sea- 
water, the swamps of the adjoining mainland were searched for larvae 
with a negative result. Further observation confirmed the fact that 
they were only to be found on the island when the wind blew from 
direction of certain brackish water creeks in the vicinity, perhaps 
explaining a fact frequently remarked on in this group, that these 
mosquitoes are especially common on barren islets, where no fresh water 18 
to be fownd. 

These wild caught insects laid eggs in captivity and from them the 
laboratory-bred mosquitoes, with which my experiments were made, were 
raised. Four days after feeding on blood the eggs were laid, generally 
on blades of grass at the sides of the vessel. In the cool months (August) 
the eggs hatched in four days and the imagines appeared thirteen days 
later, making a total of seventeen days for the entire cycle. But in the 
hot weather the whole cycle from ovum to imago was shortened to a 
minimum of eight days. Copulation in this, as in other mosquitos, 
takes place immediately after the imago emerges. Ova apparently are 
not laid until the mosquito has had a meal of blood. Considerable 
difficulty was experienced in keeping these insects in captivity. They 
do not appear to thrive for long on banana, apple, water-melon, jam, 
raisins or pineapple, like Stegomyia fasciata or the Culicines. I had much 
more success by feeding them daily on human blood. They are especially 
blood-thirsty insects and apparently require a blood feed every day. 
Thus one particular specimen I kept under observation had its fill of 
blood daily for fifteen days. Culex fatigans and Culex jepsoni, on the 
other hand, seemingly required but one feed of blood every ten days. 


* On several occasions this mosquito was observed feeding on the dead bodies of 
natives, in which the blood was still fluid. 
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Almost directly they refuse to suck blood they die. From the predi- 
lection of this species for mangrove swamps, it might be inferred that 
the insect manages to abstract some nutriment from this plant; this 
does not appear to be the case. A number of mangrove shoots were 
put into the cages, but I could not convince myself that the mosquitoes, 
though they settled frequently on the leaves, managed to abstract any 
nutriment from them. It is difficult to discover on what these insects 
feed in a state of nature on these barren islands where they are 
found in such profusion. Of human beings or other mammals there are 
none ; there are, however, a number of birds of the genus Ptilotis, from 
which they may obtain their supply of nutriment. 


Larvae. 


Jars of fresh, brackish (‘75 per cent. normal saline) and sea-water 
containing blades of grass were placed in the mosquito cages. After a 
few days it was found that the greatest number of eggs were laid in the 
brackish water. Though some eggs were deposited in sea-water they 
never underwent any development. Most larvae when placed in sea- 
water died almost immediately, though very advanced forms immediately 
pupated. From a number of experiments it was discovered that the 
larvae throve best in normal saline solution, and, as may be conjectured, 
no visible difference could be detected between the perfect insects, 
whether bred in fresh water or in normal saline solution. 

The larvae are very active and secretive and are always found at 
the bottom of the vessel, hidden away under the blades of grass placed 
'in the water ; they did not thrive well in the light. 


Food of the larvae. 


The larvae appeared to feed almost exclusively on the decaying 
vegetable matter collected at the bottom of .he bowls. 

In the bowls containing fresh-water microscopic animal life—amoebae, 
actinosphaenia, vorticellae, paramoecia and euglenae—were found 
in abundance. In fresh-water bowls a green deposit of algae soon made 
its appearance, but in the bowls containing normal saline nothing of the 
sort was noticed ; vorticellae were the only animalculae ever observed 
in bowls containing this solution. Vessels of normal saline solution 
containing blades of grass were left exposed to the air of the laboratory 
for weeks without any development of algae being noticed within them. 
Ova of the mosquito were placed in sterilized water containing grass 
which had been boiled for half an hour ; the larvae developed normally 
and the imagines appeared in fifteen days. The sediment was examined 
microscopically and only a few diatoms were found. When too many 
larvae were present in the water of one bowl the development of one 
and all was considerably retarded. 


Action of dilute copper sulphate solution on the larvae. 


Experiments with dilute copper sulphate solution were made to test 
its effect on the larvae. The strength used was 1 gr. to a gallon of 
water (1 oz. in 437 gallons). This is considerably less than that used 
in fresh-water reservoirs (1 oz. in 312 gallons). It was found that 
although ova placed in this solution hatched, the larvae died within 
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twenty-four hours, notwithstanding the vegetable matter added as 
before. Larvae, however, in a further state of development would live 
and thrive in copper sulphate solution as long as vegetable matter in 
sufficient quantity was present. This strength of copper sulphate solution 
killed off all amoebae and algae and Culex fatigans and stegomyia larvae 
died of starvation in such water if no vegetable matter was present. 
So tenacious of life are these advanced larvae that one stegomyia larva 
was observed to live seventeen days in such solution, but without 
advancing in development, and a larva of Culex fatigans remained alive 
a month under similar conditions. 

The effect of copper sulphate solution on a large scale was tried in a 
large swimming bath which previously used to be one of the main breed- 
ing areas of mosquitoes in the vicinity. For seven months, while thus 
treated, not a single mosquito larva was ever found in it. After a heavy 
rainfall a certain amount of copper sulphate had to be added to keep up 
the strength of the solution. 


CUR be 
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VI. Section of an amoebic ulcer, showing amoebae in the sub- 
mucous layer i z = 2 oO 


ERRATUM.—Sanduchean, nine lines from bottom of page 36, should read 
Gauducheau. 


DYSENTERY IN FIJI 
DURING THE YEAR I9L0. 


I. (a)—Introductory. 


This paper embodies the results of thirteen months’ study of dysentery in 
Fiji. For this purpose the author was appointed by the Committee of the 
London School of Tropical Medicine. A grant of £500 was placed at the disposal 
of the Committee by the generosity of Lord Sheffield. This was supplemented 
by a further sum of £300, provided by E. W. Blessig, Esq., of Bletchingley, 
Surrey, for the provision of skilled laboratory assistance. A report on researches 
on filariasis made concurrently has already appeared. 

I do not propose to describe fully the local hygienic and sanitary conditions 
obtaining in these islands, as those have already been dealt with at some length 
in the report referred to. 

Fiji consists of a group of 250 islands, many of which are uninhabited, and 
which in the aggregate approximate in area the size of Wales. The three larger 
islands only concern us here. These are mainly devoted to sugar, coconut 
and banana plantations. The population of the group comprises over 3,000 
Europeans, 87,000 Fijians, 35,000 Indians and 3,000 Solomon Islanders. The 
two latter races are imported as labour coolies for work on the plantations, for 
which the native Fijian is unsuited It is amongst these immigrants that the 
scourge of dysentery is most prevalent. 

Suva, the capital, is situated on Vitilevu, the largest island of the group. 
It has a population of over 1,000 Europeans, and a fluctuating population of 
natives and coloured immigrants of three or four times that number. My 
researches were carried out principally in the Colonial Hospital in Suva. 

The climate is cool for the Tropics, and remarkably even throughout the 
year. The highest temperature recorded in 1910 was 96° F’. in February, the 
lowest 61° F. in July. The rainfall is a large one, and is greatest in the hot 
months, November to March. In Suva it averages over 110 ins. per annum. 

My opportunities for investigating the local dysentery were greatly enhanced 
by the Fijian Government, which not only contributed a monetary grant of 
£100 for this purpose, but also appointed me pathologist to the Hospital at 
Suva and a temporary medical officer of the Colony. 

The necessary apparatus was brought out from England, and a laboratory 
was installed in the verandah of a house which I rented. 

By the kindness of the Chief Medical Officer, the Hon. G. W. A. Lynch, I was 
permitted to conduct investigations on. the patients under his care, and, further, 
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to try the effect of certain lines of treatment on an extended scale. To him, 
as also to other medical officers in the Government service, Drs. E. Prideaux, 
J. F. Smalley and F. N. Smartt, my best thanks are due for aiding me by every 
means in their power. I wish also to acknowledge my thanks to Dr. C. W. 
Daniels, late Director of the Tropical School, and formerly a medical officer of 
the Colony, for the great interest he has taken in my work, and to the present 
Director, Dr. H. B. Newham, for many kindnesses during the preparation of 
this report at the London School of Tropical Medicine. The Nursing Staff of 
the Colonial Hospital rendered me valuable service in many ways. I am also 
greatly indebted to Dr. B. Glanvill Corney, I.8.0., for contributing some 
valuable remarks on the earlier ravages of dysentery in the Colony, a subject 
on which he possesses unique knowledge. 

Great credit is due to my laboratory assistant, Mr. W. J. Muggleton, and I 
am specially grateful to him for his painstaking services. A Fijian medical 
student, Jesse by name, who was devoted to this work, proved himself of 
great value, helping me in my dealings with the natives and the various 
immigrant races. 

In the account of the investigations which follows, I propose, firstly, to state 
categorically the conclusions arrived at, giving in the text a brief statement of 
the facts and arguments on which these conclusions are based and referring the 
reader to the Appendix for statistical information and a variety of detail. 


I. (b)—Dysentery in Fiji in former times. By B. Glanvill Corney, I.S.0., 
for twenty years Chief Medical Officer of that Colony. 


It would be idle to affirm that we have an exact knowledge of how or when 
dysentery first occurred amongst the people of Fiji, or whether it has been 
endemic in these islands from remote ages. Native tradition does not reach 
much further back than three generations with the Fijians, even amongst those 
of high rank. As late as thirty years ago a story was current amongst them 
that dysentery was unknown to their ancestors until after the arrival of white 
men’s ships. There exists one tradition in particular (1) that after and in conse- 
quence of the visit of a ship from the eastward an epidemic of great severity and 
extent occurred. The native name for dysentery is coka dra, which means 
exactly ‘“‘ bloody flux.” That a genuine name for dysentery exists might be 
thought to point to its presence amongst the natives from remote ages, before 
any contact with Europeans or other stray voyagers. On the other hand, this 
name is no more than a descriptive or symptomatic one, and it may be argued 
that it is quite the most natural one for the Fijians to apply to an imported 
disease of foreign name of which they were ignorant,or which they found difficulty 
in pronouncing. We know of a certainty that whooping-cough is a disease of 
exotic origin in Polynesia, yet the Fijians have dubbed it with a purely native 
designation, vu koli*—literally, ““dog cough.” A much more characteris- 
tically Fijian expression is kalowu ni wai, which is applied by this people to 
the type of dysentery accompanied by great tenesmus and prolapse of the 
rectum, especially in children. This term is hardly susceptible of translation. 
Jarves (2) states that a devastating epidemic swept over Hawaii in 1802-1804, 
and occasioned a great mortality. It is now generally believed that this was 


* The etymology of some of these Polynesian names is of great interest. Thus ‘‘ koli,”’ 
the Fijian for ‘‘ dog,”’ is their interpretation of ‘** collie ’’ ; while in Rotumah, a dependency 
of Fiji, the dog is still known as a ‘*‘ kamia,”’ the derivation of which is obviously the ‘‘ Kem- 
ere’ by which the first imported animal was addressed by its Australian owner (Basil 
Thomson), 
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either dysentery or influenza, or probably dysentery supervening on an epidemic 
of influenza, and that it was nearly synchronous with a great epidemic of 
undetermined origin and nature in Fiji. 

Ellis (8) gives an account of a kind of dysentery which afflicted Tahiti after 
the visit of Vancouver’s ships to those islands in 1790. Lesson (4), who was a 
surgeon on the French corvette “ La Coquille ” (1823), confirms the statement 
that the natives attributed the occurrence of epidemic dysentery amongst them 
to this visit of Vancouver. Buzacott (5), a missionary pioneer in Raratonga 
(Cook Islands), was satisfied that there was no evidence that dysentery, or the 
eke toto (lit. : “ bloody flux ’’), had ever raged amongst the people of that island 
before the arrival of foreigners. Its first manifestation (after the settlement 
of missionaries at Raratonga) took place soon after the arrival of a person from 
Tahiti, who was suffering from it. 

John Williams (6), a missionary who had experience of all the Pacific Island 
group (excepting Tonga and Fiji) from Tahiti to Samoa, refers to the over- 
whelming nature of the epidemic just referred to ; he states that in the island 
of Rapa nearly half the population was swept away. In his experience most of 
the diseases which raged in these islands during his residence were introduced 
by ships, and this even if there was no apparent or recognized disease of a similar 
nature amongst the ships’ crews; he states that first intercourse between 
Kuropeans and natives was invariably attended with the introduction of virulent 
fever and dysentery. 

Commodore Wilkes (7), writing in 1840, states that dysentery never had pre- 
vailed in Fiji as an epidemic. However, the missionary John Hunt died of 
dysentery in Fiji in 1845, a fact attested by his colleagues Calvert and Lyth. 

Litton Forbes (8), a medical man, in 1875, remarked that dysentery was 
quite as fatal to Fijians as to whites, though, perhaps, owing to differences of 
food and other causes, somewhat more common among the latter. 

The great measles epidemic of 1875 included dysentery as one, if not the 
most formidable and destructive, of its consequences. 

The period since 1875 is within the memory of myself and of Sir William 
Macgregor. In 1876 dysentery was looked upon by Europeans in Fiji as the 
most dangerous and probable disease they had to fear. Cases of hepatic abscess 
in white men were noted in that year and afterwards, though I cannot call to 
mind having seen one in a Fijian native at any time. About the same year 
(1876 or 1877) a somewhat circumscribed epidemic of dysentery occurred 
amongst the Fijian labourers, natives of another island employed on a plantation 
on the Rewa river. It was popularly attributed to a surfeit of oranges ; the 
point is of interest because it indicates the season of the year, February, March 
and April, the advanced portion of the hot season and the rains, at which the 
epidemic took place, a coincidence noted in later epidemics. It is true that 
epidemics of dysentery have been noted as early as the latter part of November, 
especially in the Suva gaol, but they were of very limited extent. Amongst 
the Solomon Island immigrants, dysentery was seen in a very fatal form either 
during the sea passage in the labour schooners or soon after arrival in Fiji. In 
1880 such an epidemic of great virulence was observed on board the schooner 
“Stanley ’’?; this continued in the shore depdt. In 1882 another similar 
epidemic occurred at Suva amongst the immigrants from another schooner, 
the ‘“‘ Surprise.’ In the same year another, but of lesser extent, occurred 
amongst the immigrants from the “ Lord of the Isles” in the Suva depét ; 
one .or two cases had already occurred at sea. In 1884 a severe epidemic 
occurred amongst immigrants from the same group of islands on board the 
‘Meg Merrilies,” a report of which appeared in the Fiji Royal Gazette (9). 
Later, another epidemic broke out on the same vessel, which I, together with 
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Dr. C. W. Daniels, investigated. Dr. Daniels published an account of this in 
the Practitioner for 1890 (10). In the fatal cases the whole of the intestine, 
from duodenum to rectum, was acutely inflamed, thickened and disorganized. 
We used to term the dejecta “ frog-spawn stools,” from their striking resem- 
blance to masses of frog’s spawn, or to large grains of sago pudding. Dysentery 
of this particularly virulent or Melanesian type, so far as I am aware, did not 
and does not occur in the Fijian villages, or affect Fijians themselves brought 
into contact with patients in the depots or the plantations ; nor did Melanesian 
immigrants, who had been fortified by good living during previous indentured 
service in Fiji, Queensland, New Caledonia or Samoa, fall victims to it, even 
when associated with the affected batches ; but no information is available to 
show whether their immunity was due to stronger physique—though this 
condition was obvious at a glance—or whether it was an immunity conferred 
by a previous attack. 

The year 1882 was marked by a disastrous prevalence of dysentery amongst 
immigrants working on plantations in Fiji, especially in the alluvial district of 
the Rewa river. The occurrence was attributed chiefly to the underfeeding, 
exposure, and unaccustomed and continuous labour which the unseasoned 
Solomon Islanders had to face when employed in opening up new land for sugar 
plantations. The mortality amongst the new immigrants was very high , even 
in 1884 it was still 133°67 per mille over all indentured inmigrants in the Rewa 
district (from all causes, but chiefly from dysentery) and in the Navua district 
322°17 (9). , 

With the shrinkage of Melanesian immigration into Fiji after the principal 
sugar plantations were established, and the gradual substitution of Kast Indian 
coolies for these natives, this particularly severe type of dysentery noticed 
amongst the Solomon Islanders notably diminished, and has now (as far as I 
khow) practically ceased. 

The Indians, however, appear to have brought with them a new form, of less 
severity and much more amenable to treatment. It was, furthermore, often 
associated with intestinal worms, especially Ascaris lumbricoides and Anky- 
lostoma duodenale. Practically all the post-mortems on Indians in Fiji revealed 
the latter parasite ; whereas in Melanesians, Fijians and whites, ankylostomes 
were rarely met with. About 1885, I think, the Indians began to be severely 
reduced by ankylostomiasis, associated with an abnormal prevalence of dysen- 
teric symptoms, and it was almost ten years before a radical improvement in 
this respect took place. 

Meanwhile, dysentery proper continued to occur in varying degrees of extent 
and severity in different seasons and years. Virulent dysentery among the 
Fijian natives was usually observed in local, circumscribed outbreaks, 

The best place for observing circumscribed epidemics of dysentery was, 
unfortunately, the principal gaol of the Colony. For some years it showed 
a marked tendency to recur there. It usually began about December or 
January, and affected all races and classes of prisoners. Some years were 
notably more fatal than others. In some years, too, dysentery was more 
prevalent throughout the Colony than in others ; and when this was the case 
all races were more or less affected by it in an approximately similar degree. 

There is no doubt that nowadays the Eu opean, after his first year in Fiji, is 
on the whole much less liable to dysentery than in the early days of the settle- 
ment This comparative immunity is probably the result of better living, i.e. 
better houses, better food, better protection in the field against hot sunshine 
and cold rain, more regular working hours, less exhausting work, greater care 
as to drinking water, diminution of insobriety, the better quality of alcoholic 
drinks consumed, more appropriate clothing—in fact all the conditions 
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incidental to the increased knowledge, experience, caution and hygienic care 
which enable men to resist the action of specific micro-organisms. 

The diminution and gradual disappearance of pioneering dangers may to 
some, if not to a large extent, be attributable to the prolonged annual cultivation 
of the soil in the localities where white men and immigrants are now employed. 
We used always to find that the turning up of previously untilled soil over 
considerable areas was coincident with the occurrence of much dysentery 
amongst the labourers, and even amongst the native Fijians when thus employed, 
and we were inclined to regard that as an element of some importance in its 
causation. 

Liver abscess has not, I think, pro rata of the population, diminished, but 
rather increased; especiaily is this the case in the sugar district of Navua,* where 
many unseasoned white mechanics and office employees have of late years been 
introduced. Although many more persons of this class are now working in 
other sugar districts, they appear to be less liable to liver abscess. On this 
point, however, as I write without the figures, I can only state my impression. 


I. (c)—Dysentery in Fiji at the present time. 


From the above account it will be gathered that the mortality from epidemic 
dysentery used to be much greater than it is at the present day. In 1886 
C.T. Hirsch placed the case mortality amongst Solomon Islanders at 40 percent. 
In the epidemic on the ‘“‘ Meg Merrilies,”’ quoted above, it was 48 per cent. (10). 
The type was of great virulence. According to Dr. Daniels, the small intestine 
was inflamed throughout its whole extent, and the last 2-18 ins. of the ileum, as 
well as the whole of the large intestine, was covered with a blackish-green sub- 
stance. Death took place within four to ten days from the appearance of the 
first symptoms. Stomatitis and ulceration of the gums were common. In 
two cases the prepuce and glans penis were covered with a dirty green 
membrane similar to that seen in the intestines. Five convalescent patients 
developed arthritis, and recovery took several months to complete. 

Apart from the severity of its effects and its virulence, there is no reason to 
suppose that the actual infective agent was specifically different from that in 
operation at the present day, yet pathological lesions of-so extensive and serious 
a nature as those described by Daniels are not met with at the present day, nor 
is the mortality so high. 

In the statistical returns of the Colonial Hospital at Suva, no distinction is 
made between amoebic and bacillary dysentery ; nevertheless the case mortality 
from these causes is nowadays not a very large one, as may be gathered from 
the statistics given in Appendix II., which show the mortality from dysentery 
for the last six years. It varies from 5-2 per cent. to 12°8 per cent. 

In the provincial plantation hospitals devoted to the Indian coolies the case 
mortality from dysentery is considerably lower than in similar hospitals 
for Fijians. This is a well-recognized fact in Fiji. The explanation generally 
accepted is to the effect that the Indian coolies, being under European super- 
vision, are taken to hospital immediately they show signs of this disease; 
whereas a Fijian in his native village never seeks medical aid till the disease is 
well advanced. 

In 1908 there was an epidemic of dysentery amongst the Fijians, with a 
mortality of 25-7 per cent. 


* Tt is interesting and instructive to note in this connection that all the cases of 
amoebic dysentery and liver abscess, with one exception, encountered during the course 
of this investigation came from the sugar districts, especially Navua. 
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The case mortality statistics of epidemic dysentery are given by Vaillard and 
Dopter for the following countries :— 

Japan, 24 per cent. (Shiga) ; Moscow, 12-17 per cent. (Rosenthal) ; West- 
phalia, 11 per cent. (Kruse) ; Toulon, 6-9 per cent. ; Brittany, 20-50 per cent. ; 
Finistérre, 50-60 per cent. ; the difference in the severity of the disease being 
due, according to these authors, to differences in the virulence of the bacilli 
causing the several epidemics. 

Owing to the absence of endemic malaria, so frequent a complication of 
dysentery in other countries, Fiji offers an exceptionally favourable opportunity 
for the study of this disease. It was for this reason that Fiji was selected as 
the field for my investigations. 

The epidemic of dysentery in and about Suva during the year 1910 was one 
of the most extensive of recent years. Over 300 cases were admitted to the 
Colonial Hospital. A great increase in the average number of the dysentery 
cases admitted occurred after the devastating hurricane which swept over 
Suva on March 24th, 1910. 

In the town of Suva dysentery is mainly an institutional disease, the majority 
of cases occurring in the two gaols, one of which accommodates the Indian, 
the other the Fijian prisoners. Thus, out of a total of 159 cases studied, over 
one-half, or 57-8 per cent., were prisoners from these gaols. 

The annual epidemic of dysentery occurs during the hottest weather, 
November to April, which is also the period of greatest rainfall. Compara- 
tively few cases occur during the months of June to October, which is the 
coolest time of the year and has the smallest rainfall (Appendix I.). 

In making these investigations the distinction between the amoebic and 
bacillary dysentery was based on the discovery of amoebae in the dysenteric 
discharges in the former, and the isolation of the dysentery bacillus from the 
stools in the latter. Owing to the labour entailed, this latter procedure was not 
always feasible. In all cases dealt with in the course of this inquiry and 
classified as epidemic, or bacillary dysentery, no amoebae were ever found in 
the stools after repeated search. In a number of instances the dysentery 
bacillus was isolated from the stools and the sera of the majority gave aggluti- 
nation reactions with the dysentery bacillus. Only cases passing typical 
stools containing blood and mucus, directly on admission or during their stay 
in hospital, were investigated. Some selection of this sort was necessary ; 
otherwise many cases reported as having passed blood and mucus in their stools 
before admission would have been included. 

During the period of this inquiry there were eleven deaths from bacillary 
dysentery at the Colonial Hospital. Two of these fatal cases were admitted in 
a moribund state, and died before receiving any treatment. 

A separate ward is set apart at the Colonial Hospital for the treatment of 
dysentery. As a further precaution against infection the dysenterics are not 
permitted to mix with the other patients till fully convalescent. 

Out of 159 cases studied, only six occurred in females (i.e. two Fijians, two 
Indians and two half-castes). There are certain reasons for this apparent 
disproportionate lability of the male sex to infection. Firstly, there are very 
few female prisoners and the majority of the dysentery cases came from the 
gaols. Secondly, there is great disproportion between the numbers of male 
and female Indians in the Colony, only 40 women being imported from India 
to every 100 men. No Solomon Island women are imported. The cases 
amongst the Fijians were mostly in constables from the police barracks, or 
labourers employed in gangs on the wharves. Bacillary dysentery occurs in 
all the various races found in these islands. The same remark applies to 
amoebic dysentery, to which a special part of this report is devoted. 
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As a result of detailed study, the following conclusions have been arrived 
at. These, for convenience, are briefly indicated here, to be discussed 
subsequently in greater detail. 


BACTERIOLOGICAL. 


1. Epidemic dysentery in Fiji is of bacillary origin. Bacilli morphologically 
and culturally identical with Shiga’s and Flexner’s bacilli have been isolated 
from thestools and from post-mortems. Other bacilli, morphologically similar 
but giving an atypical reaction with various sugars, were also obtained. No 
special strains of the dysentery bacillus were found to be connected with special 
clinical types of the disease, or peculiar to any special race. 

2. After long subculture of the bacilli the sugar reactions they gave were 
found to be variable and inconstant, but the reactions as regards mannite and 
dextrose remained constant. 

3. Ageglutination tests with dysentery bacilli of various types and with sera 
of patients in all stages of the disease proved neither constant nor reliable. 


CLINICAL. 


1. Amoebae were never found in the stools from which the dysentery bacilli 
were isolated. 

2. Cases of all degrees of severity were encountered. These could be classified 
clinically into three main types, namely, the mild or catarrhal, the acute or 
ulcerative, and the toxic or fulminant. 

3. An attack of bacillary dysentery was often a terminal affection in such 
chronic wasting diseases as pulmonary tuberculosis. 


PATHOLOGICAL. 


Macroscopic. The large intestine was affected throughout its whole extent in 
every case. The small intestine appeared normal in all but two cases. Necrosis 
and gangrene of the mucous membrane were the most constant features. In 
cases of long duration sloughing of the necrosed mucous membrane over 
considerable areas had taken place. The rectum in many instances was the 
part most severely affected. 

Microscopic. The changes in the bowel wall were of the most intense 
inflammatory nature. Destruction of the epithelial cells of the mucous 
membrane and of the nutrient blood-vessels in the submucosa was the most 
constant feature. 


EPIDEMIOLOGICAL. 


An epidemic of dysentery is of annual occurrence in Suva, the season corre- 
sponding with the period of greatest heat and greatest aggregate rainfall. There 
is evidence that the house-fly is the principal agent in the spread of the disease. 
Bacilli of the Shiga and Flexner type, on recovery from the intestinal tract of 
these flies, showed variable but inconstant reactions with the sugar tests. 


TREATMENT. 


Of a series of cases treated in different ways, those injected intravenously 
with polyvalent anti-dysenteric serum gave the best results, as far as could 
be ascertained. 
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PROPHYLAXIS. 


_ The abolition of epidemic dysentery in a town of the size and importance of 
Suva depends upon an efficient sanitation, mainly directed against the 
house-fly. 


AMOEBIC DYSENTERY. 


Amoebae were found in the stools in a limited number of instances. The 
incidence of these cases bore no relation to the season of the year. 

The clinical history and course of all amoebic cases were quite distinct 
from those of the epidemic variety. The pathological lesions were also 
dissimilar. 

No differential diagnosis could be made by the simple inspection of the 
stools. 

Although Amoeba colt is a common parasite in the stools of normal Fijians, 
amoebic dysentery appears to be a rare disease among them. 

The amoebae found in the dysenteric discharges approximated the type of 
Schaudinn’s Hntamoeba histolytica. 


II. Bacteriology. 


The bacteriology of acute or epidemic dysentery is a very complex subject, 
owing mainly to the fact that bacilli, morphologically and culturally similar, 
give different fermentative reactions with the glucosides. Many such have 
been isolated by different observers from cases of acute dysentery. 

The study of these has been complicated further by Kruse, who proposed to 
term all types, not conforming with the type as originally described by him 
and Shiga, as para- or pseudo-dysentery. 

There is a tendency in the later writings on the subject to regard the bacillus 
as very variable in its reactions, and to include under one group the 
different sub-varieties described. 

Shiga, in 1897, isolated from the stools and post-mortem of cases of epidemic 
dysentery in Japan a rod-shaped Gram-negative organism which, from its 
morphological and cultural characteristics, he classified as belonging to the coli 
group. There was considerable doubt at first as to its motility; it is now 
generally conceded to be non-motile, but possessed of peculiarly active Brownian 
movement. Itis admitted that flagella are present ; these have been described 
by Shiga and Duval. It produces acid, but no gas in dextrose broth ; it gives 
a feebly acid reaction with milk, which on further incubation becomes alkaline. 
No indol is said to be formed by this type under any circumstances. 

An organism having the same morphological and cultural characteristics 
was discovered by Kruse in cases of epidemic dysentery occurring at Laar, in 
Germany, about the same time. 

In 1900 an organism morphologically similar, but differing from the organism 
of Shiga and Kruse in producing acid from mannite, was isolated from cases of 
dysentery occurring in Manila, by Flexner, Strong and Musgrave. 

Flexner, in 1901, made a comparative study of the strains then known, 
and found that the serum of dysentery patients under his care would ageglutinate 
them all; he found no morphological differences in any. 

In 1902, Vedder and Duval isolated bacilli, similar to those obtained by 
Flexner, from cases of asylum dysentery in the United States. 

Martini and Lentz made an exhaustive study of the strains of dysentery 
bacilli then known, and still further subdivided them by their reactions 
with various glucosides. They support Kruse’s classification into true and 
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pseudo-dysentery bacilli, according as these organisms do not, or do, ferment 
alcohol mannite. 

The serum of a patient, suffering from an infection with the one variety, was 
found to agglutinate a bacillus giving totally different fermentation reactions, 
an observation confirmed by de Blasi. .The only satisfactory differentiation 
they could obtain was by agglutination tests with sera of artificially immunized 
animals. 

Lentz attempted a still further differentiation by absorption tests, using 
rabbit serum immunized against a certain strain of the bacillus. 

In 1904 Hiss gave a very able résumé of the subject up to date, and tried to 
differentiate between the different groups by further cultural tests. He found 
that all the different strains of dysentery bacilli, while agglutinating in lower 
dilutions with the serum of an animal immunized against one particular strain, 
could yet be differentiated in higher dilutions. The so-called Y bacillus of 
Hiss and Russel, which fermented dextrose and mannite alone, was described, 
while one of Flexner’s original strains was found to ferment saccharose and 
maltose in addition to these. 

In 1906 Shiga, working in conjunction with Ohno, made an exhaustive 
inquiry into the different types of dysentery bacillus, and while finding the 
fermentation properties of a single group constant towards dextrose and man- 
nite, the reaction towards maltose, saccharose and lactose varied both quanti- 
tatively and qualitatively. The production of indol he also found to be variable, 
and any classification based on that property artificial. The true Shiga-Kruse 
type formed no indol under any circumstances. The types are referred to as 
acid and non-acid, as first proposed by Lentz, according to their reactions with 
alcohol mannite. Basing his classification on these fermentation reactions, he 
has added another group to the four already proposed by Hiss. This type is 
intermediate between the classical type of Shiga-Kruse and Flexner’s bacillus, 
in that, after twenty-four hours’ cultivation, it produces acid from mannite, 
the reaction, on further incubation, once more becoming alkaline. The agglu- 
tinative characters of these five groups, as regards immune sera, on the whole 
agreed with their fermentative reactions; there were, however, notable 
exceptions. , 

Ohno, in his elaborate investigations on 74 strains of dysentery bacilli derived 
from different sources, concluded that none could be distinguished either by 
morphological or cultural qualities, but that the acid types caused a severer 
clinical form of dysentery than the non-acid types ; the exact reverse of this has 
been stated by other observers. The grouping of different strains of organisms, 
according to differences in their powers of fermentation, did not correspond 
to the results obtained by agglutinative and bacteriolytic reactions with specific 
immune sera. As aresult of the inquiry, he considered that there is no valid 
reason for separating the dysentery bacilli into distinct groups—the acid and 
non-acid—as proposed by Lentz, nor into the true and pseudo-dysentery bacilli 
as proposed by Kruse. 

In 1907 'Twort, in investigating the fermentative reactions of certain members 
of the coli group, utilized a number of rare glucosides, but obtained no assistance 
from them in his endeavour to separate the members of the dysentery group 
into yet other types. In his last paper (1908) Shiga submits that there are 
still more varieties than Ohno has discovered. He now uses bacilli, conforming 
in their reactions to five groups,in the production of anti-dysenteric serum in 
Japan. These are as follows :— 

(1) Fermenting dextrose alone (Shiga, Kruse, Flexner (Newhaven)). 

(2) Fermenting dextrose and mannite (Hiss and Russel’s Y bacillus, Ferran, 

Seal Harbour bacillus). 
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(3) Fermenting dextrose, mannite and saccharose (Flexner, Strong (Manila). 
(4) Fermenting dextrose, mannite, maltose and saccharose (Harris, Gay, 
Baltimore and Woolstein’s bacillus). 

(5) Fermenting dextrose and maltose, and giving only a feebly acid reaction 
with mannite (Shiga). 

(The acid reaction with mannite only appears after 24 hours’ incubation, and 
after two to three days this becomes alkaline again. Shiga considers this group 
as occupying a place half-way between the acid and non-acid groups of Lentz. | 


Morgan (1911) investigated 25 strains obtained from British sources, but all 
belonging to the acid type, and found great variability in their reactions ; he 
concludes that the monosaccharides, galactose, arabinose, raffinose, adonite, 
glycerin, and amygdalin, were of little use in determining any differentiation. 

Observers, other than those already mentioned, have found that not only are 
bacilli of different types found in the same epidemic, but even in the same 
stool. Thus Gay and Duval isolated acid and non-acid types of bacilli from the 
same stool. Duval and Shorer, in an investigation of summer diarrhoea occur- 
ring amongst infants in the United States, found dysentery bacilli in 94 per cent. 
of the stools investigated, and again acid and non-acid types were found in the 
same stool; the latter type, also, they succeeded in isolating from stools of 
children who were in perfect health. Again in this same summer-diarrhea, 
Martha Woolstein and Grace Dewey isolated only acid types of bacilli 48 times 
out of 62 cases investigated. Duval and Basset isolated the true Shiga’s bacillus 
from the intestine, liver and mesenteric glands, post-mortem, in this same 
affection, whilst Duval and Torrey have described types of lactose-fermenting 
dysentery bacilli; and Fisher isolated an acid type of bacillus (called bacillus 
I’) forming permanent acidity in milk. In asylum dysentery, in Germany, 
Ritterhaus, Kemp and Metz have isolated several varieties from the same stool. 

Dysentery bacilli of the true type and various sub-varieties have been found 
all over the world: in Japan by Shiga and Amako; in the United States by 
the observers already mentioned ; by Castellani in Ceylon; by Rogers in the 
gaol dysentery of India; by Loghem and Schiffner in Java; by Deycke in 
Constantinople ; by Rosenthal in Moscow; in Germany, in addition to the 
observers mentioned, by Drigalski (Doberitz), Ludke (Barmen), Miller (Styria), 
and in asylum dysentery by Liefmann, Kuhn and others. 

Shiga’s bacillus was first isolated in England by Eyre in asylum dysentery 
from the stools and also from the bile post-mortem, and in Ireland by McWeeney. 
Aveline, Boycott, Macdonald and Macalister also have isolated bacilli of the 
acid type from cases of asylum dysentery. Cases of acute dysentery occurring 
in this country in which these bacilli have been isolated have been quoted by 
Saundby and Marshall. 


TECHNIQUE ADOPTED IN THE ISOLATION OF DYSENTERY BACILLI FROM STOOLS. 


It will readily be understood that in dealing with natives on a large scale, 
in consequence of the utter impossibility of supervising a number of men with 
the means at my disposal, the collection of dysenteric discharges for the purpose 
of bacteriological examination, under strict aseptic conditions, was almost an 
impossibility. During the first two months of my work in Fiji, it was found 
that stools which had. stood for a few hours in the tropical climate became so 
overgrown with moulds as to be useless. The insanitary habits of the natives, 
especially the Indians, completely frustrated the collection of stools in sterilized 
receptacles. The universal presence of house-flies, which obtain access to the 
pails, considerably added to the contamination. The following method of 
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collecting stools for examination was adopted and was the only one which 
proved successful. The pail to be used by the patient was washed out with 
boiling water, and a Fijian medical student, who was specially detailed for this 
work, watched the patient till the stool was passed. Immediately a platinum 
loopful of the blood and mucus was diluted in broth and plated out on Conradi- 
Drigalski plates; eight to ten drops of the emulsion were found sufficient for 
one plate. When pure mucus, without contamination with faecal matter, was 
passed by the patient, the dysentery bacilli were on several occasions obtained 
in almost pure culture. Dilutions and cultivations in MacConkey bile broth 
proved unsatisfactory, as the dysentery bacillus appeared to become rapidly 
overgrown by other organisms of the coli group. 

With the equipment at my command, not more than one, or at the most two, 
plates could be made from any one stool; but, the technique once established, 
I had no difficulty in isolating dysentery bacilli from every freshly-passed stool 
containing blood and mucus. 

The table given in Appendix III. shows the number of times dysentery 
bacilli were isolated from stools, and also the types encountered. 

On Conradi-Drigalski medium colonies of the dysentery bacillus were recog- 
nized by their peculiar transparent blue colour. Often the plate smelt strongly 
of spermin, a fact noted by Shiga, Eyre, and Amako. Some freshly-passed 
stools consisting of mucus and blood very often had a similar smell. On sub- 
culture in broth, they formed but a faint turbidity. They were further distin- 
guished by their morphological and Gram-negative characters, and lastly 
by their sugar reactions. Six sugars were used, namely, those which have 
generally proved the most serviceable in differentiation of types—mannite, 
lactose, saccharose, maltose, dulcite, and dextrose, in 1 per cent. solution in 
peptone water. The reaction with litmus milk, indol production, and their 
agelutination with Lister Institute anti-serum complete the list of tests 
employed. Seven types (according to their fermentative reactions) of dysentery 
bacilli were isolated (Appendix III.). They were derived from every clinical 
variety of case, from the mildest to the most severe. No single variety was 
found peculiar to one class of case or any particular race. Thus the true 
Shiga’s bacillus was isolated from three of the most severe cases encountered, 
as well as from two of the mildest ; the so-called acid type (Flexner’s bacillus) 
was also isolated from every variety of case. Lactose-fermenting forms were met 
with on four occasions. A non-acid bacillus fermenting maltose and saccharose 
(type “C,’’ Appendix III.) was isolated from the same stool as the pure Shiga 
type; it was agglutinated by the patient’s serum in a dilution of 1 : 200, and 
produced permanent acidity in milk, together with a slight clot. It was not 
agelutinated by the Lister Institute anti-serum. It is doubtful whether it can 
be classified as a true dysentery bacillus, as it was non-toxic when injected into 
guinea-pigs intraperitoneally, whereas all other types were intensely toxic to 
these animals. 

ISOLATION FROM POST-MORTEMS. 


Post-mortems were secured on every available case. Unfortunately for the 
success of this investigation, the first six deaths from this disease occurred 
shortly after my arrival in the Colony, and before the laboratory was satis- 
factorily established. Shiga’s bacillus was, however, isolated from the intestine 
post-mortem in two cases, once in almost pure culture. 

The difficulty of obtaining a post-mortem directly after the death of the 
patient was considerable. Putrefaction commences almost immediately in a 
tropical climate. There was no refrigerating apparatus available, and as the 
relations had to be summoned before a post-mortem could be performed there 
was often considerable delay. 
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In making cultures from the intestines post-mortem, a loop of the large 
intestine was first tied off and removed, then opened in the laboratory and the 
faecal contents washed out with sterilized water. The necrosed surface was 
then seared with a metal rod and a platinum loop plunged through the surface 
into the underlying tissue. Dilutions in broth of material so obtained were 
plated out on Conradi-Drigalski medium, and the bacillus recognized by the 
tests already given. 

The reactions given in the table, Appendix III., by which the bacilli are 
classified, were obtained in a | percent. dilution of the sugars in peptone solution 
after 24 hours’ incubation. According to Ohno, these reactions change con- 
siderably after further incubation. One bacillus of each type was selected and 
incubated for a period of tendays on three subsequent occasions. Variation 
in the reactions obtained was noted in two instances (Appendix IV.). Thus a 
bacillus of the type B failed to ferment saccharose and maltose after nine 
months’ subculture, while a lactose-fermenting type, G, after four months’ 
subculture no longer fermented lactose, and had apparently temporarily lost 
the power of fermenting saccharose. These later tests were made in England 
with cultures brought home from Fiji. 

The indol reaction was found to be very variable. No indol was ever produced 
by the true Shiga’s bacillus, type A or B, whereas a marked reaction was 
obtained with types E, F and G. The reaction in type D was variable after 
24 hours’ incubation, but constant after ten days. 

In their reaction with litmus milk, acid was produced after 24 hours’ incu- 
bation in every case. In types C and E the reaction remained acid throughout. 
In the other types the reaction again became alkaline after three or four days’ 
further incubation. 

_ Variation in the reactions of a given strain of dysentery bacillus after sub- 
culture has been found by many observers. Thus Hiss found the fermentative 
characters of a number of dysentery organisms isolated by him were modified 
by subculture. Torrey found a bacillus which at first fermented dextrose only, 
but after several subcultures fermented mannite as well; he also found that 
the power of fermenting maltose was augmented after anaerobic culture. Kruse, 
in investigating a strain obtained from Strong (Manila), found that on subculture 
it fermented the disaccharides, which it at first failed todo. Later, in conjunc- 
tion with Ritterhaus, Kemp and Metz, the same bacillus fermented lactose and 
clotted milk; Morgan, four years later, found that the descendants of this 
Strong’s bacillus, although they clotted milk, now no longer fermented lactose. 
Twort found that dysentery bacilli at first unable to ferment saccharose were 
able to do so after being grown for some time on a medium containing this 
ingredient, and by similar means the true Shiga-Kruse bacillus was induced to 
ferment lactose. Shiga, in his last paper, gave instances in which the sugar 
reactions of the same strain had become altered on subculture. Lentz describes 
an acid strain which he had isolated, and which after nine years’ subculture 
completely lost its power of fermenting maltose. 

Penfold has lately induced intestinal bacteria, notably the typhoid bacillus, 
to alter their classical reactions, thereby confirming Twort’s statement that the 
sugar tests constitute an impracticable means of grouping these bacilli. 

As regards the morphology of the different types isolated in Fiji, they all 
exhibited the same characteristics on first isolation; no difference in shape 
or motility was noted They were extremely small, short organisms, with 
round ends, about 1 «in length, and only assumed the typical rod shape 
on subculture in broth. On Conradi-Drigalski medium they formed dense 
cobalt-blue colonies, round in shape, with a slightly irregular margin. The 
Brownian movement is extremely active when first isolated. 
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The bacilli grew well anaerobically. The fermentation reactions of types A 
and K were re-tested after subculture ; they gave the same result as when first 
isolated. A limited number of guinea-pigs were injected intraperitoneally with 
broth cultures of the different types. 

After six months’ subculture in Fiji, Shiga’s and Flexner’s bacilli brought 
out from England and kindly provided by Professor R. TT. Hewlett and 
Dr. F. W. Twort were non-toxic to guinea-pigs. These Flexner bacilli 
belonged to Firth’s “twpe 4,” and fermented maltose as well as mannite and 
dextrose. 

According to de Blasi and Castellani, dysentery bacilli injected intraperi- 
toneally kill guinea-pigs in 14 to 30 hours — I injected two cc. of a 24-hour-old 
broth culture of types A, B, E and G, immediately after isolation from 
dysenteric stools. The guinea-pigs all died from eight-and a-half to 
twenty-four hours after; the bacilli were recovered in three cases from the 
heart blood. In every instance there were signs of peritonitis and excess of 
peritoneal fluid : in the guinea-pigs thus injected bacilli were recovered from 
this fluid and from smears from the liver and spleen. These bacilli, after 
passage through the guinea-pig, gave the same sugar reactions as when first 
isolated, and were agglutinated by anti-serum in a dilution of 1: 200. 

Shiga states that the dysentery bacilli rapidly lose their virulence on 
subculture, but retain it if kept in the refrigerator. 

This apparent decline in the toxicity was seen in three strains tested. Injec- 
tions of broth cultures (2 cc.) of the bacilli of type A, isolated post-mortem from 
the intestines, killed guinea-pigs within twenty-four hours ; however, this same 
bacillus, injected after two or three months’ subculture on agar and injected 
in the same manner, produced no symptoms at all in these animals, and could 
not be recovered from the tissues post-mortem. A bacillus of type E gave 
similar results after only six weeks’ subculture. 


AGGLUTINATION. 


The agglutination test with anti-serum prepared by the Lister Institute was 
used for identifying the dysentery bacilli. This is a polyvalent horse serum 
derived from inoculation with Shiga’s, Kruse’s and Flexner’s original strains, 
in addition to a Shiga’s bacillus isolated by Eyre in asylum dysentery and also 
strains isolated from infantile diarrhoea in’ America. 

I found that in broth cultures of bacilli recently isolated this serum agglu- 
tinated bacilli of type A up to 1: 10,000, and type E up to 1: 1,000. Aveline, 
Boycott and Macdonald state that it agglutinates the strains of bacilli used in 
its preparation up to a dilution of 1: 10,000; Shiga states that two kinds of 
agglutination occur ; in one the bacilli unite in chains, in the other in clumps ; 
these phenomena were often noted in my Fiji work. 

The dysentery bacilli, especially after long subculture, show a great tendency 
to auto-agglutination ; ‘to obviate wrong conclusions my broth cultures were 
always examined for this phenomenon before the agglutination tests were 
applied. Various authors have stated that the agglutination of the dysentery 
bacilli is not a satisfactory test in this disease. The agglutination reaction in 
my hands proved neither constant nor reliable. 

Vedder and Duval have found that the serum of patients from mee stools 
dysentery bacilli had been isolated did not agglutinate those bacilli. In 
several instances I found that with bacilli isolated from, the stools the reaction 
still remained negative after repeated trials with the patient’s own serum 
(Appendix V.). Castellani states that in lower dilutions (1 : 40) the sera of 
many normal people agglutinate this bacillus. — 
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I made a number of control tests with the sera, in a dilution of 1 : 50, of 
normal individuals belonging to different races—36 Kast Indians, 36 Fijians 
and 8 Solomon Islanders—many of them suffering from diseases other than 
dysentery. Broth cultures of bacilli, types A and EK, recovered from different 
sources, were used. Fifty cases were tested with Shiga’s bacillus (type A) and 
thirty with Flexner’s (type E). Five gave a positive reaction ; two of them 
were suffering from severe tertiary yaws, one from elephantiasis of the 
scrotum, and two were normal individuals. 

The sera of 112 cases under treatment for bacillary dysentery were tested. 
A positive agglutination with Shiga’s bacillus (type A) was noted in 74-1 per cent. 
of the cases, in dilutions from 1: 100 to 1: 200; in some instances positive 
reactions in dilutions of 1 : 500 were noted. The agglutination reaction was, 
on the whole, more marked with cultures of Shiga’s bacillus (type A), though 
other types were also tested. Although a considerable number of the mildest 
cases of dysentery gave a positive result, yet the sera of those that were the 
most severe clinically gave the most marked agglutination reaction. Only 
broth cultures after twenty-four hours’ incubation were used. 

As Shiga has stated that after long subculture these bacilli are unsuitable 
for testing sera, only recently isolated cultures were used for this purpose, when 
once the dysentery bacillus had been successfully isolated from the stools in 
Fiji, the time limit assigned for each test being fixed at one hour. 

A detailed account of the number of tests performed and the results obtained 
is given in Appendix VI. 

Vaillard and Dopter state that the agglutination reaction only appears after 
the seventh to twelfth day from the date of infection. In several instances I 
obtained no reaction till after the first week of the illness. 

Opportunities occurred for testing the sera of patients who had been under 
treatment at various periods (from two to eight months) after recovery ; these 
were mostly Indian prisoners in the gaol. Out of twenty-five so tested, twenty- 
one still gave a positive reaction with cultures of Shiga’s bacillus (type A) and 
Flexner’s (type E) in a dilution of 1 : 50; all of these cases had given a positive 
reaction previously. 

Agglutination tests were performed with other bacilli in seven cases which 
gave a positive reaction with the dysentery organisms. For this purpose a 
coli organism, obtained from the stools, was used, and also Bacillus pyocyancus 
isolated post-mortem from the bile in a case of bacillary dysentery. No agglu- 
tination took place. 

Several observers, notably Escherich, maintain that the serum of dysentery 
cases agglutinates the true coli bacillus. Kuhn and Gildmeister have recently 
written on this paragglutination of the coli bacillus in cases of dysentery. 

Attempts were made to isolate Bacillus pyocyaneus from the stools, especially 
those containing light green faecal matter, but were never successful. 


tlh: Clinical. 


Clinical observations were made on 159 consecutive cases. Seventy-nine of 
them were of Indian nationality, of whom 70-8 per cent. were prisoners from the 
gaol. Fifty-four were of Fijian nationality; seventeen prisoners and twelve 
constables, or 53-8 per cent., came from the gaol; there were also seven boys 
from the Government High School. Of the twenty Solomon Islanders 35 
per cent. were prisoners. ‘There were four Europeans and two female Fijian- 
European. half-castes. 

The Indians form the bulk of the criminal classes, hence the Indian prisoners 
constituted the majority of my patients. 
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There are certain characteristics peculiar to each of these different races— 
characteristics which not only influence their tolerance of the disease, but also 
have a distinct bearing on their behaviour while under treatment. 

The Indian prisoners in Fiji were all adept malingerers ; any sign of dysentery 
was hailed by them as intimating a rest in hospital and a welcome release from 
irksome prison labour. They endeavour, therefore, not only to simulate the 
disease, but actually to acquire it. It was often extremely difficult in mild 
cases to detect malingering, and a Fijian student had to be detailed to watch 
their behaviour. By this means different methods of malingering were dis- 
covered and guarded against. A favourite method consisted in spitting blood 
and mucus, obtained by pricking the gums, into a diarrhoeic stool. Very often 
sago and arrowroot were added to simulate mucus. One prisoner in particular 
was seen to add blood and mucus, obtained from another patient’s stool, to his 
own. A favourite method of prolonging convalescence was by faking diarrhoea, 
either by adding water to the motions, or by swallowing large doses of sodium 
sulphate, obtained surreptitiously. 

The Fijians, on the other hand, are in many ways model patients, and do not 
attempt to malinger; but they are in other ways impracticable. When 
suffering from a high temperature they are apt to discard all clothing and lie 
naked on the floor, or even to escape from the ward and spend the night naked 
under a tree in the rain. It is owing to this habit that the mortality from 
dysentery amongst the Fijians, when left uncontrolled, is so high. 

Of all the races the Solomon Islanders appear to be the most susceptible to 
the severe forms of dysentery, and they exhibit but a feeble resistance. They 
are extremely liable to tuberculosis also, and in them an attack of dysentery 
is almost always a terminal event in tubercular disease. 

Kuropeans living in Suva itself are not especially liable to bacillary dysentery, 
and, unless alcoholic, resist the infection well. | 

Nearly all my cases were young adults. There were, however, eleven children 
under the age of fourteen. The youngest patient was an Indian child of one- 
and-a-half years ; Shiga’s bacillus was isolated from its stools. 

A thorough physical examination was made of every patient immediately 
on admission to hospital. Notes were made of daily progress and of the appear- 
ance and number of the stools. Special attention was paid to any symptoms 
or appearance of an unusual nature. Of the mass of information gathered in 
this way I must confine myself to the briefest summary. 

In a disease exhibiting so many and varied clinical forms, it becomes 
necessary for the purpose of observation and treatment to adopt some classi- 
fication of the various clinical types encountered. A classification of this sort, 
however essential, must necessarily be a rough one. No hard and fast line can 
be drawn in classifying the cases of a disease of such varying degrees of severity. 
Kvery clinical variety of case was observed from cases in which, with hardly 
any constitutional disturbance, motions coated with blood and mucus were 
passed for a few days only, to others with stools of the foulest description and 
who died in a short timne, prostrated by the severity of the infection and 
exhausted by the constant straining and passing of stools. 

For convenience I arrange my cases, according to their severity, into three 
clinical types :— 

(1) Mild or catarrhal : that type of case in which the constitutional symptoms 
were either absent or not severe. The temperature was often not raised during 
the whole attack. In many instances the motions were faecal from the com- 
mencement, coated with blood and mucus, and not exceeding twelve in number 
per diem (Appendix VIT., Charts 1 and 2). 

In many instances the tongue remained perfectly clean throughout the attack, 
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and the pulse-rate remained normal. The majority of patients complained of 
tenesmus on passing stools, and the abdomen was tender, especially in the left 
iliac fossa. In about a quarter of the cases the thickened and contracted coils 
of the sigmoid flexure could be felt in that region. From the stools of nine 
such cases, dysentery bacilli were isolated. Cases of this type constituted the 
majority of those which came under observation. A concise analysis of these 
is given in Appendix VII. 

(2) Acute or ulcerative: In these the constitutional symptoms were pro- 
nounced, the temperature generally being raised for a considerable period. The 
motions consisted, for the most part, of blood and mucus, and exceeded twelve 
in number in the twenty-four hours. In such cases, necessarily a longer time 
elapsed before the establishment of convalescence. ‘There were some instances 
in which, although constitutional symptoms were severe, the temperature was 
not raised above normal (Appendix VII. and Charts 3 and 4). Dysentery 
bacilli were isolated from the stools of such cases twelve times. 

The clinical picture in this type was of a different character from that in the 
mild catarrhal cases, and indicated a more serious disturbance of the intes- 
tinal tract. Although the tongue was furred in almost every case, and although 
many of the patients, especially Fijians, were actually ill and suffering from a 
high temperature, yet the pulse-rate was accelerated above normal inonly about 
half the number of cases.* Tenesmus was complained of in the majority of 
instances. The abdomen was tender, and there were marked contraction and 
thickening of the sigmoid flexure. A concise analysis of these cases is given in 
Appendix VII. 

(3) Toxic or fulminating type: This was quite a distinct type. The constitutional 
disturbance was profound. The stools frequently exceeded fifty in the twenty- 
four hours, and in many instances their number was uncountable. The material 
passed consisted of the so-called “‘ meat washings”; faecal material, when 
present, was generally light green in colour, and often contained sloughs of 
necrosed mucous membrane. Clots of light pink tenacious mucus, aptly called 
by Dr. Daniels “ frog-spawn stools,’ were noticed. This form was apt to be 
accompanied bya tendency to collapse, apparently through exhaustion resulting 
from the continuous straining, combined with absorption of toxic matter. The 
temperature in such cases either remained high, or, as in one case, subnormal 
throughout (Charts 5, 6, 7, 8 and 9). Owing to the constant drain of fluid 
and the physical strain, these patients became rapidly emaciated, the skin 
inelastic, the abdomen sunken and acutely tender, and the contracted coils 
of the sigmoid flexure could be felt with ease through the abdominal wall. 
Before death the abdominal tenderness became less marked. Twelve of these 
cases were encountered. Of these the first seven all died, collapse and death 
taking place suddenly in nearly every instance. In one case, before death, the 
stools consisted of pure blood. Details of five such cases which improved under 
treatment are given in Appendix XIV. 

From the stools of three of these fulminating cases dysentery bacilli were 
isolated. | 

Comptications oF AcuTE DySENTERY. 


Of these, undoubtedly, pulmonary tuberculosis is the most formidable ; in 
eleven post-mortems on cases of bacillary dysentery, evidences of extensive 
pulmonary tuberculosis were found intwo. Amongst those cases who recovered 


* In many cases amongst the Fijian patients an exceptionally low pulse-rate of 60, 
and even as low as 48, was registered during the height of the attack and during conva- 
lescence. A pulse-rate as low as this is not, however, a racial characteristic. From an 
examination of 55 individuals (45 males and 10 females) the average normal pulse-rate 
of adult Fijians was found to be 77. 
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under treatment, signs of pulmonary tuberculosis were found in seven. One 
case developed signs at both apices after recovering from a severe attack 
(Chart 9). This form of dysentery, therefore, appears to be a common 
terminal affection in natives suffering from any form of tuberculosis. 

One Indian, suffering from tertiary syphilis, ankylostomiasis and signs of 
tuberculosis at both apices, recovered completely under treatment. 

One case developed dysentery during an attack of right lobar pneumonia. 

Malaria. The spleen was found enlarged in six cases ; these were all Indians 
and Solomon Islanders but recently settled in Fiji. Malaria parasites were 
never found in the blood. 

Ankylostomiasis. The haemoglobin percentage was roughly estimated by 
Tallequist’s method in every case. In the normal Indians the average was 
82 per cent. ; in those harbouring ankylostomes it was 72 per cent. The average 
haemoglobin percentage in Fijians was 91 per cent., but in those harbouring 
ankylostomes 86 per cent. Of two severe cases of ankylostomiasis in Indians 
who were suffering from dysentery, the haemoglobin percentage was 30 per cent. 
and 40 per cent. respectively. In neither case was the attack of dysentery 
severe. Improvement was noted immediately appropriate anti-helminthic 
treatment was undertaken. 

Cardiac complications. Systolic bruits, probably of haemic origin, were noted 
in four cases. They disappeared when convalescence became established. 
Ankylostome ova were found in the stools in only one of these cases. 

Arthritis of dysenteric origin was not noted. 

Stomatitis. One case developed acute stomatitis, with the loss of all the 
incisor teeth. He eventually recovered from the attack of dysentery, which 
was of the most virulent type. 

Intestinal haemorrhage (melaena) was noted in four cases during life. Three 
of these cases were of the most severe type ; two of them died. In one instance 
melaena was noted in the stools of a patient convalescent from a mild attack. 


SEQUELAE. 


Relapse. One case of relapsing dysentery, apparently of bacillary origin, was 
noted. A summary of my notes of this case is given in Appendix VIII. (1). 
The patient had signs of extensive pulmonary tuberculosis. 

Diarrhoea following dysentery was noted in three cases. The’ motions 
averaged about six a day, and consisted of liquid yellow faeces. It was appar- 
ently a painless diarrhoea of the lienteric type, and persisted for some months 
after the other symptoms of dysentery had disappeared. 

Sprue is a rare disease in Fiji; nevertheless, one patient, an Indian, after a 
stay of two-and-a-half months in hospital, developed symptoms resembling 
those of sprue. A summary of this case is given in Appendix VIII. (2). It is 
to be particularly noted that no hepatic symptoms were observed in any case 
during or after the attack of this form of dysentery, save in the sprue case just 
mentioned, 


THe MtcroscopicAL EXAMINATION OF STOOLS. 


The stools were examined microscopically in every case. Wherever possible 
the mucus and faecal discharges were examined separately, the former for the 
presence of amoebae, the latter for ova of intestinal helminthes and flagellates. 
All cases in which amoebae were found in dysenteric discharges were classified 
as amoebic dysentery, and will be discussed under that heading. 

Inthe mucous and bloody discharges numbers of red blood corpusclesand pus 
corpuscles were, of course, found in every case, Refractile, globular bodies of 
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1. Refractile vacuolated cells seen in the fresh evacuations in eases of bacillary 
dysentery, Micromillimetre scale and red blood corpuscle drawn to scale for comparison. 
—Camera lucida. 


2. Similar bodies stained by Schaudinn’s method (Heidenhain’s haematoxylin and iron 
alum). One body contains a red blood corpusecle; two red blood corpuscles drawn to scale 
for comparison. The bodies stained black probably are chromatin masses broken up 
during process of degeneration.—Camera lucida. 


3. Section of submucosa, from a fatal case of bacillary dysentery, showing great numbers 
of round cells and ** mast cells ’’ lying in the inflammatory tissue. Such cells are vacuolated 
and are similar to the bodies seen in the stools. They are liable to be mistaken for amoebae. 
Similar bodies have been noted by Jurgens in the Doberitz epidemic and by Dutcher. 
—Camera lucida. 
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a greenish colour, and often of irregular outline, measuring ten to thirty p 
diameter,some of them containing red blood corpuscles (Plate I.) were found on 
many occasions in the mucus. They contain in their substance granules of 
various sizes, and are liable to be mistaken for amoebae. Jtirgens mentions 
that these bodies were frequently found in the stools in the Doberitz epidemic. 
These bodies were found in sixty-two cases in which the stools contained a 
quantity of mucus. When stained by Schaudinn’s method (Heidenhain’s 
haematoxylin and iron alum) the included granules were stained black, and 
were evidently of chromatic origin, Presumably these bodies represent some 
degenerating cells derived from the intestinal wall. Similar cells were found in 
the stools in cases of amoebic dysentery, so that they do not appear to be dis- 
tinctive of the bacillary form. In sections of the large intestine, large vacuo- 
lated cells of a like appearance are found (Plate I.) in the submucosa. These, 
according to Dutcher, are liable to be mistaken for amoebae in the tissues. 
They are in all probability, as he suggests, connective tissue cells or “‘ mast 
cells.” It is possible, then, that these bodies have a two-fold derivation, some 
representing degenerating goblet cells from the intestinal epithelium, while 
others are derived from the submucosa. 

In the stoolsof the Indian patients,ova of Ankylostoma duodenale* were found 
in 44 per cent., and only once ova of Ascaris lumbricoides. Intestinal flagellates 
were found three times in seventy-nine examinations ; these were globular 
bodies, with large nucleus and terminal flagellum, and resembled most closely 
the Cercomonas described by Wenyon. In the stools of the Fijian patients, 
ova of Tricocephalus dispar and Ankylostoma duodenale were found associated 
in 35-1 per cent., and ova of Ankylosioma duodenale alone in 24 per cent. Small 
cysts, probably of intestinal flagellates, were encountered five times in fifty-four 
examinations. 

In the stools of the Solomon Islanders, ova of Ankylostoma duodenale and 


Tricocephalus dispar were found in 35 per cent. 

* More probably ova of Necator americanus. Thus, out of 213 adult worms removed 
from the intestines of Fijians and Indians post-mortem, no fewer than 199 were determined 
by Dr. Leiper as Necator americanus. 


IV. Pathology. 
(A) PaTHoLoGIcAL ANATOMY. 


Post-mortems were procured in elevencases of bacillary dysentery. Of these 
nine were adult males, one was an Indian woman, and one a Fijian child of one- 
and-a-half years of age. 

Nine of the cases had been under observation and treatment before death. 
Two were admitted in a moribund state. Two cases were complicated by exten- 
sive pulmonary tuberculosis. In two others there was a terminal pneumonia. 
In the Indian woman, ankylostomiasis, possibly causing the associated fatty 
degeneration of the liver, was present, and both kidneys showed chronic 
inflammatory changes. In one of the cases the left kidney was congenitally 
absent. In two a few specimens of Ankylostoma duodenale and of Ascaris 
lumbricoides were found. No constant change in the mesenteric glands was 
noted; in one case only were they enlarged and injected. 

I did not succeed in cultivating the dysentery bacillus from the bile or heart 
blood. Putrefaction occurs so rapidly after death in the Tropics that, in the 
absence of any refrigerating apparatus, the results from such cultures are unre- 
liable. Bacillus pyocyancus was, however, isolated from the bile in one case, | 
and was probably of extraneous origin. 

In all these nine examinations the large intestine was the part most severely 
affected. In five cases there were inflammatory changes of varying degrees 
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of intensity in the lower part of the ileum, and in one actual gangrene of the 
mucous membrane. 

The large intestine was affected throughout its whole extent in every case, 
the process involving the rectum. In some cases the dysenteric lesions ter- 
minated three inches above the anus; in others they extended to the anus 
itself. 

The parts most affected were the caecum, the hepatic and splenic flexures, 
and, especially, the sigmoid flexure and first part of the rectum. Actual 
ulceration, when present, was noted mostly in the transverse folds of the mucous 
membranes. The appendix participated in the general change in only one case. 

Once curious patches of apparently normal mucous membrane, of some two 
to three inches in extent, were seen at points situated distal to the hepatic and 
sigmoid flexures. 

In the most severe forms the bowel wall was greatly thickened, chiefly owing 
to oedema and infiltration of the submucosa. ‘The peritoneal coat was normal, 
save in one instance, where the caecum had been perforated and peritonitis 
had resulted. 

The mucous coat was either of a light green or, in these very severe cases, 
blackish-green colour, and wholly necrotic (Plate II.). In several instances, 
where there was extensive sloughing, the necrosed mucousand submucous layers 
could be removed by the finger; this condition is entirely different from the 
condition known as diphtheritic dysentery, a term employed by German 
writers. 

The process of necrosis of the mucous membrane appears to start from the 
solitary follicles; in one case, by holding the specimen up to the light, this 
could be clearly seen in the descending colon. The surface of the necrosed 
mucous membrane was rough and nodular to the touch, and was often pitted with 
holes where portions of membrane had sloughed away. In other cases, where, 
although only local patches of necrosis had formed, the whole of the surrounding 
mucosa was discoloured and oedematous. 

In cases of this nature ragged ulcers of varying depth had resulted from the 
sloughing of the necrosed mucous membrane. 

Nothing resembling the regular punched-out ulcers with thickened edges, 
such as are described in amoebic dysentery, was seen. 

Small, sinuous undermining ulcers, varying from the size of a sixpence to a 
shilling, could often be traced by a probe passed under the mucous membrane. 

In milder cases the mucous membrane was of a cherry-red colour. There 
were local patches of necrosis, and, especially on the free edges of the transverse 
folds, bright red submucous haemorrhages. 

In others (Plate III.) the mucous membrane was pink and oedematous, with a 
lobulated appearance. On the transverse folds were gelatinous red patches, 
due to submucous haemorrhages. Fine sloughs of a yellow colour and sinuous 
outline were seen forming on the exposed surface of the folds. 

In one, namely a Fijian child who died one week after all symptoms of dysen- 
tery had ceased, the mucous membrane of the transverse colon was injected 
and thickened, and there were a few small green patches; apparently no 
sloughing of the mucous coat had taken place. 

As regards the intestinal contents, these, in the majority of cases, consisted 
of tenacious, slimy mucus, intermingled with thick, green faecal matter. In 
two in which the gangrenous process was especially severe, there were no fluid 
contents, but the intestinal surface was covered with thick mucus and blood 
resembling pink frog’s spawn. The same typical frog-spawn substance had been 
recognized in the discharges during life. In one case, together with destruction 
of the most seyere type, hard lumps of yellow faecal matter were noted in the 
caecum, 
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PLATE 1F 


Post-mortem appearances of intestines in a fatal case of bacillary dysentery from which 
Shiga’s bacillus was isolated. 


1. Lower part of ileum, showing necrosed epithelium and injected Peyer’s patch. 
2. Transverse colon, showing bright green colour of necrosed mucous membrane. 
3 


. Lower part of rectum, showing patches of bright green necrosed mucous membrane 
and submucous haemorrhages. 
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(B) Microscoric.—PATHOLOGY. 


Sections were cut of the portions of the bowel most affected by the dysenteric 
lesions. From each post-mortem three or more areas of affected bowel wall 
were chosen. 

The microscopical changes varied according to the severity of the lesions. 

A description of the changes noted in sections of the large intestine also 
applies to the ileum where similarly affected. 

In the gangrenous form the epithelial cells could no longer be distinguished, 
necrosis of the whole of the mucous layer having taken place; here and there, a 
few vacuolated and distorted cells remained at the fundus of a crypt. 

The outstanding feature of the sections is the infiltration of the submucosa 
and destruction of the nutrient blood-vessels. The inflammatory changes are 
intense, the blood-vessels dilated ; there are numerous haemorrhages, especially 
beneath the muscularis mucosae, the fibres of which, though participating 
in the general change, can still be distinguished (Plate IV.). The appearances 
are extremely similar to those found by Vaillard and Dopter (Annales de I’ Institut 
Pasteur) both of lesionsin human subjects and experimental dysentery in rabbits. 

In some instances, where the process had not been so acute, the erypts can 
still be distinguished, but the cells stain badly, are vacuolated and distorted, 
and the lumen of the crypt distended by a fibrinous exudate containing numerous 
round and disintegrated epithelial cells. The interstitial tissue between the 
crypts is infiltrated and the blood-vessels distended, and there are a few haemor- 
rhages. In others the entire epithelial layer has been removed and replaced by 
granulation tissue. When sloughing and actual ulceration to any marked degree 
have taken place, the muscularis mucosae can no longer be distinguished, the 
muscular coats being covered solely by a layer of granulation tissue. In cases 
of a milder type, or when the process has been a more gradual one, no haemor- 
rhages are seen in the submucosa. The blood-vessels are greatly dilated, the 
stroma infiltrated with round cells and especially by large mast cells with a 
prominent nucleus and vacuolated protoplasm. These cells are apt to be 
mistaken for amoebae (Plate I.), but the character of the nucleus is quite dis- 
tinctive. In every case sections were stained for the presence of bacilli by 
carbol thionin. Intestinal organisms were seen crowding the affected surface 
in great numbers. 

It was interesting to note that where the muscularis mucosae remained intact 
no bacilli were ever found in the submucosa. 

Numerous micro-organisms could be distinguished amongst the lymphoid 
tissue of the solitary follicles; whether they were dysentery bacilli or not it 
was impossible to determine from their morphological characters alone. The 
muscular coats of the intestinal wall are not changed to any marked degree, 
although dilatation of blood-vessels and round cell infiltration between the 
muscular fibres were noted. 

Haemorrhages into the submucosa and complete destruction of the mucous 
coat were found in cases dying from other causes, and after what clinically 
appeared to be but a comparatively mild attack of dysentery. 


V. Epidemiology. The spread of acute dysentery in Suva. 


The dysenteric excreta undoubtedly act as a source of infection. Shiga 
considers that the main factors in the spread of acute dysentery are : (1) excreta 
of normal persons harbouring dysentery bacilli; (2) excreta of mild cases of 
dysenteric diarrhoea ; (3) excreta of cases convalescent from dysentery. Cases 
of diarrhoea due to infection with the dysentery bacillus undoubtedly occur, 
their dysenteric nature being unsuspected. An epidemic of acute diarrhoea 
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occurred in the native high school near Suva ; three cases developed dysentery, 
one had diarrhoea with a concomitant rise of temperature ; seven had diarrhoea 
with a normal temperature. The serum of five of those with diarrhoea agglu- 
tinated Shiga’s bacillus in a dilution of 1 : 50. 

In Fiji the planters believe that the Indian coolies imported from Calcutta 
act as reservoirs of the infective agent of dysentery; dysentery, they say, 
invariably breaks out amongst the Solomon Island labourers when brought 
into contact with the Indian coolies on the plantations. 

There is no adequate reason for incriminating water as a source of infection 
in Suva. Suva has a large rainfall, and the water is everywhere excellent. 
The water supply is conveyed from a reservoir situated four miles from the 
town at the source of a small river, where faecal contamination is out of the 
question. It is distributed to all the institutions (the gaols and schools) and to 
every house, in iron pipes. 

Experiments were undertaken to ascertain the viability of the dysentery 
bacillus in water. Frost and Whitman give one week as the maximum period 
the bacillus is able to remain alive in water. In Fiji I found the period much 
longer. Test tubes containing tap water and sterilized distilled water were 
inoculated with a loopful of a freshly isolated culture of Flexner’s bacillus ; 
samples of the water were from time to time plated out on Conradi-Drigalski 
medium. From the sterilized water the bacilli could be recovered and cultivated 
four weeks, and from the tap water six weeks, after inoculation. 

There is no evidence, in Suva at least, that any article of diet can be regarded 
as the direct cause of acute dysentery. The disease occurs amongst all the 
races in Fiji, though their respective dietaries are entirely dissimilar. The 
Fijians live for the most part on the farinaceous native foods, the “ yam ” and 
the “ dalo,” and rarely partake of uncooked foods, such as fruit and especially 
raw vegetables ; whilst the Indians subsist, as elsewhere, on cooked rice and 
pulse. 

There is considerable circumstantial evidence that in Fiji flies (Musca domes- 
tica) act as the main agents in conveying the infection by transferring it to 
foodstuffs. Various writers have incriminated the fly as the carrier of the 
dysentery virus without adducing any direct evidence. Nuttall and Jepson 
include dysentery in their résumé of diseases spread by Musca domestica and give 
an epitome of the literature up to date. Graham-Smith has isolated a bacillus 
resembling Flexner’s from the intestines of flies caught in Cambridge. 

House-flies (Zusca domestica) constitute a great plague in Fiji. They swarm 
during the hot weather (November to April) in Suva; in the sugar districts 
they are prevalent throughout the year, finding suitable breeding-places in the 
decomposing vegetation necessarily connected with this industry. In many of 
the islands the traveller becomes covered from head to foot with these insects 
immediately he ventures outside his lodging. In the sugar districts life is made 
endurable only by the provision of fly-proof netting over the doors and windows. 
In these districts nearly every house is provided with at least one fly-proof room. 
Flies are specially numerous in the Fijian villages, where they find abun- 
dant congenial breeding-places in the refuse heaps. 

I need hardly point out that in consequence of this great profusion of flies 
every article of food is hable to gross contamination by these insects ; and it 
is my suggestion that the fly season in Suva corresponds exactly with the annual 
epidemic of dysentery * (vide Appendix J.). After the great hurricane in March, 
1910, there was a sudden and large increase in the number of cases of dysentery 


* Tt must be borne in mind that in the official returns no distinction is drawn between 
eases of bacillary and amoebic origin. It may safely be stated, from my experience of the 
epidemic of 1910, that the majority of the cases occurring in hot weather are of the 
bacillary form. 
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PEATE iif. 


Transverse colon from a case of bacillary dysentery, painted 14 hours after death. There 
is intense oedema of the mucous membrane ; actual ulceration has taken place at the exposed 
transverse folds of mucous membrane, where yellow sloughs are seen forming. There are 
numerous submucous haemorrhages. 

Shiga’s bacillus was isolated post-mortem from the mucous surface. 

Actual gangrene of the mucous layer has not yet taken place. 


= To face p. 22.] 
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concurrently with a vast increase in the number of flies, which found in the 
rotting vegetation (Appendix I.) resulting from the hurricane favourable 
breeding grounds. 

In the sugar districts (wide Appendix II.) there appears to be no definite 
dysentery season, and there apparently is no seasonal variation in the number 
of flies. 

The infection of patients, who are in hospital suffering from other complaints, 
with dysentery can best be explained by the agency of flies. A summary of 
the methods employed for the disposal of dysenteric excreta at the Colonial 
Hospital, and the opportunities for the fly- borne spread of the infection, is given 
in Appendix IX. In the same Appendix also the sanitation of the two gaols 
from which were derived the great majority of the cases which came under 
observation is detailed. 

The phenomenal preponderance of flies in Fiji, the great frequency of 
dysentery there, the concurrence of the fly season with the dysentery season, 
the many opportunities supplied by the insanitary conditions obtaining in 
the villages, plantations and public institutions for contamination of food by 
infected flies, are distinctly in favour of regarding Fijian epidemic dysentery 
as a fly- borne disease. 

Further evidence in favour of this hypothesis will be found in the following 
observations and experiments. 

I made many attempts to isolate the dysentery bacillus from the intestinal 
contents of house-flies caught in the dysentery ward. 

The technique was as follows: Four to six flies were caught on patients ; 
none were taken on the ward verandahs, where there was a chance of these 
flies having fed on dysenteric excreta. The insects were chloroformed and 
dropped into a tube of broth, and were then dissected with sterilized Hagedorn 
‘needles on sterile slides. The abdominal segments were separated and the 
intestines drawn out without touching any other part of the fly—an easy 
procedure after a little practice. A segment of the intestine was divided by 
a red-hot platinum loop and inoculated into broth from which Conradi-Drigalski 
plates were made. The legs and wings were also inoculated into broth ard 
similarly treated. Bacillus neapolitanus and other members of the coli group 
were frequently isolated from these appendages, and on two separate occasions 
Shiga’s bacillus was isolated from the lower intestinal tract. As regards the 
latter, the flies were caught on the bed of a patient suffering from a very acute 
attack of dysentery, and from whose stools this same bacillus had been isolated. 
The insects had probably imbibed the infection from the soiled clothing. These 
bacilli were subjected to a series of tests, and had the typical morphological 
and cultural characteristics; they were also agglutinated by Lister Institute 
anti-serum. 

After the isolation of the Shiga bacillus from the intestinal tract of flies, 
experiments were undertaken to ascertain (1) the length of time the fly 
remains infective, and (2) whether the bacillus undergoes any variation by its 
passage through the intestinal tract of the insect. These experiments, over 
forty in number, were begun in Fiji and continued at the London School of 
Tropical Medicine. 

TECHNIQUE. 


The works of Graham-Smith on this subject in the Reports of the Local 
Government Board were consulted, and his method, with modifications, has 
been closely followed throughout. 

Fly larvae were collected from rubbish, and the resulting pupae selected, 
cleaned, and placed in sterilized wooden cages covered with gauze. It was 
impossible by such means to obviate previous contamination of the lavra by 
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extraneous organisms, and possibly by the dysentery bacillus itself; but the 
work of Graham-Smith on larvae infected with Bacillus typhosus and B. enteri- 
tidis renders the transmission of infection from larva to imago extremely 
improbable. He was able to recover only the spore-bearing organisms from 
insects infected through the larva,* and B. dysenteriae does not belong to this 
category of bacteria. 

Attempts at breeding the larvae from ova under sterile conditions proved 
futile, since a fermentation is necessary for their development, as suggested by 
Jepson. 

The experimental flies were hatched and kept in sterile cages and fed on sterile 
food—bread soaked in glucose broth and changed twice daily. A number of 
control experiments were made with flies similarly hatched and fed. 

The experiments were conducted in a glass house from which other flies and 
insects were rigorously excluded. Before commencing the interior of the house 
had been cleansed with lysol. The cages were placed on a layer of cotton wool, 
which was kept constantly damp with lysol solution. The temperature of the 
house simulated tropical conditions as closely as possible, and in August varied 
from 68° F. during the night-time to 91° F. at mid-day. 

Ten of these flies were removed at a time and killed with chloroform ; their 
intestines were then dissected out, as described above, and emulsified in broth. 
The resulting emulsion was spread on Conradi-Drigalski plates. In this way 
some idea was obtained of the bacterial flora of the intestinal tract of 
newly-hatched insects, and also of those which had been kept for varying 
periods. 

Out of twenty such examinations, all of flies recently hatched, in nine the 
emulsion proved sterile on culture. In the other eleven flies the organism most 
commonly encountered was a small non-Gram-staining streptococcus. Gram- 
staining strepto- and staphylococci were also encountered, but no bacilli at all 
resembling those of the coli group. 

Other flies were infected with the dysentery bacillus in the following way : 
A watch-glass, containing sterile bread soaked in broth cultures of the dysentery 
bacillus which had been incubated for twenty-four hours, was placed in a steril- 
ized cage containing twenty flies. After feeding on this material for twenty-four 
hours, the flies were removed in test tubes to glass jars similar to those enployed 
by Graham-Smith. The jars were provided with gauze tops, through which 
the food could be introduced and removed. Metal spoons which could be 
sterilized frequently and easily were found the easiest and most convenient 
way of introducing the food. ‘The food was changed every twenty-four hours. 
The jars were appropriately labelled and placed on cotton wool soaked in lysol. 
On successive days two to three of the infected flies were removed and dissected. 
The intestines were drawn out and removed on platinum wires in the manner 
already described, an emulsion made in a small quantity of broth, and the whole 
then poured on to a Conradi plate. 

By following the technique just described I never recovered the dysentery 
bacillus from the intestine of any fly after the fifth day of infection. Similarly, 
working with non-spore-bearing organisms, Bacillus typhosus and enteritidis, 
Graham-Smith found that flies do not remain infective for a longer period than 
seven days, and further that the bacilli on the legs and wings perish in even a 
few hours. 

I subjected the bacilli recovered from the plates to a series of identification 


* The house-fly of Fiji has been identified for me by Col. A. Aleock, I.M.S., C.I.E., 
F.R.S., as the same Musca domestica as occurs in England. Lately, Bacot (Para- 
sitolgy, Vol. 1V., No. 1, 1911, p. 68) has isolated B. pyocyaneus and B. typhosus from the 
pupal contents of Musca domestica infected by these organisms in the larval state. 
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PLATE. TV. 


Microscopic section through the sigmoid flexure in a fatal case of bacillary dysentery, 
from which Shiga’s bacillus was isolated post-mortem, showing the necrosed mucous 
layer and the greatly infiltrated submucous layer. The blood-vessels are dilated and 


there are numerous haemorrhages. The section has passed through a solitary lymphoid 
follicle. 
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tests. In addition to careful scrutiny.of their morphological character, they 
were tested with Lister Institute anti-serum in a dilution of 1 : 50, and were 
cultivated in the various sugars in peptone water. 

The stock cultures of dysentery bacilli utilized for the purpose of infection 
were selected from cultures which, after four separate trials extending over a 
period of several months, had constantly given the same sugar reactions 
(Appendix IV.). They were undoubtedly the true non-acid Shiga’s bacillus 
(type A) and the true acid bacillus (type D). 

In the majority of instances the bacillus recovered from the intestinal tract 
of the flies gave the same sugar reactions as the original bacillus. All obser- 
vations on the sugar reactions were extended over a period of ten days’ incu- 
bation in each instance. 

In several instances bacilli, which were undoubtedly derived from the bacillus 
originally fed to the flies, gave slightly different sugar reactions. ‘These variants 
were morphologically identical with the original bacillus, and were all agglu- 
tinated by anti-serum in a dilution of 1: 200. Thus, from type A a bacillus 
was obtained which fermented maltose (Appendix X.); while from flies fed 
on bacillus type D bacilli were obtained which fermented maltose and 
saccharose, in addition to their power of fermenting mannite and dextrose. 

One bacillus in particular is of great interest. It was tested on three separate 
occasions, and always gave the same reactions. Its power of fermenting 
mannite had apparently become diminished, for neither mannite nor maltose 
was fermented by it till the fourth day of incubation. Thus this mannite- 
fermenting power, on which a distinction between the acid and non-acid types 
of dysentery bacilli has been made, varies with environment. Other colonies, 
selected from the same plate as this particular organism referred to, gave the 
same reactions as the original bacillus. 

On some other occasions different colonies from the same plate gave variable 
sugar reactions. 

These changes in the fermentation properties of the bacilli have not remained 
constant on further subculture on agar. After two months’ subculture bacilli 
of the non-acid group (Appendix III., type A) gave the reactions of the original 
strain, and no longer fermented maltose ; while a bacillus of the acid group, 
which fermented maltose and saccharose after the same period of subculture, 
only did so on being incubated for fifteen days. 

Lastly, a bacillus derived from the acid group (Appendix III., type D), after 
one month’s subculture, produced a feebly acid reaction with mannite after 
twenty-four hours, but after ten days’ further incubation the medium 
became definitely alkaline. After culture for fifteen days in maltose it once 
more gave the original acid reaction. After a still longer period of subculture 
this bacillus gave the same reactions as the type from which it was derived, 
and produced acid from mannite and dextrose after twenty-four hours’ incu- 
bation. 

The formation of indol by these bacilli, thus recovered from flies, was found 
to vary greatly and within wide limits. In some, indeed, a marked indol 
reaction was produced after twenty-four hours’ incubation in peptone water, 
while in others (giving the same sugar reactions) no indol was formed even 
after incubation extending over a period of ten days. 


VI. Treatment. 


In a disease of such varying severity as bacillary dysentery it becomes an 
especially difficult task to estimate the effect and value of any particular line 
of treatment. In dealing with Enropeans, even though they may be under the 
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most favourable conditions for observation, it is almost impossible. This 
difficulty was greatly increased in our dealings with Fijians and Indians, for, 
in addition to the irresponsible behaviour of the former while under treatment, 
one must bear in mind the tendency to malingering, especially amongst the 
Indians, to which allusion has already been made. 

AS regards diet, accurate supervision of the food supply was another difficulty. 
The hospital diet of patients under treatment consisted of a generous allowance 
of milk only, but to this sago and arrowroot were added on convalescence. 
Not infrequently, however, the friends and relations of patients contrived 
to smuggle in other articles, amongst which jam and pickles were especial 
favourites. 

The routine medical treatment adopted in the Colonial Hospital, Suva, in 
dysentery cases was as follows : A dose of castor oil and opium (ol. ricini | 0z., 
tinct. opii m. xv.) was given immediately on admission, after which sodium 
sulphate 1 drachm was given every hour for the first twenty- four hours, and 
subsequently four-hourly. In a certain limited number of cases rectal lavage 
with warm, weak boracic solution was resorted to, mostly, however, in 
Huropeans, 

Ipecacuanha was only given in one case towards the termination of the attack. 
In this the stool contained great numbers of intestinal flagellates, and the 
tongue continued furred. After the exhibition of pulv. ipecac. in twenty-grain 
doses the tongue became clean and the flagellates disappeared from the stool. 

Of the cases of dysentery observed by me, the first series, consisting of fifty- 
three consecutive cases, were treated according to the hospital routine treatment 
just described. 

Thirty-one, or 58:5 per cent., were suffering from the mild or catarrhal type. 

Seventeen, or 32 per cent., were suffering from the acute or ulcerative type. 

Five, or 9-4 per cent., were of the fulminating or toxic type. 

Of these seven, or 13-2 per cent., died. In four only dysenteric lesions alone 
were found post-mortem ; in two pulmonary tuberculosis was also present, 
and one was complicated by severe tertiary yaws. Details of three of these 
cases are given in Appendix XI. 

The 106 cases constituting the next series were treated by intestinal anti- 
septics by the mouth, and intravenous injections of anti-dysenteric serum 
supplied by the Lister Institute. In thirty-four consecutive cases treated by 
cyllin and salines alone there were no deaths. ‘The remaining seventy-two were 
treated with cyllin by the mouth, and by injections of anti-serum in addition 
to the routine hospital treatment with salines. There were two deaths, but 
neither of these could be ascribed to the dysenteric lesions. The dysentery 
in each case was not of the severest clinical type. One, an Indian woman with 
chronic nephritis and ankylostomiasis, died in uraemic convulsions ; the other, 
a Fijian child, died from broncho-pneumonia, a week after the stools had become 
normal. (Details of these cases are given in Appendix XII.) 

The mortality in this series was 1-8 per cent. 

Sixty-one of these cases, or 57-6 per cent., were classified as belonging to the 

clinically mild type of dysentery. 

Forty, or 37-7 per cent., were classified as belonging to the acute type. 

Five, or 4:7 per cent. were classified as belonging to the fulminating or toxic 

type. 

No deaths occurred in patients suffering from the most severe or toxic Pros 
of infection, while under treatment with anti- serum (Appendix XIV. and Charts 
6, 7, 8 and 9). 

As the condition of the stools affords some indication, and probably the only 
reliable one, of the progress of cases under treatment, an attempt was made to 
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determine whether the rapid amelioration in the condition of the stools was in 
favour of any particular line of treatment. A table constructed with this in 
view is given in Appendix XIIT., attention being paid to the rapidity with which 
the stools became entirely faeculent, and the length of the patient’s stay in 
hospital. The figures obtained are slightly in favour of the treatment with 
cyllin and anti-serum. 

CYLLIN TREATMENT. 


The treatment of acute dysentery by intestinal antiseptics has been exten- 
sively used in India. Vaughan, Mackie and others report in favour of the 
treatment with izal in large doses as decreasing mortality and shortening the 
attack. The cyllin utilized in my cases was prepared by Messrs. Jeyes in two 
forms, and was given in large doses. One consisted of pure cyllin enclosed in 
oelatine capsules, each capsule containing three minims of cyllin. The other 
preparation, known as cyllin syrup, containing five per cent. pure cyllin, was 
given in doses of one drachm to children and half an ounce three times a day 
to adults. ‘Twenty and even thirty of the gelatine capsules (sixty to ninety 
minims of pure cyllin), or a corresponding amount of the syrup, were given 
daily to cases of exceptional severity. The drug was generally given for three 
to four days, though in some instances its administration was continued for 
over a week, and occasionally, in cases of the fulminant type, for as long as a 
fortnight. No untoward effects were ever noted. It is difficult to say whether 
this drug actually had an effect on the course of the disease. Stools of foul 
odour and green colour rapidly ameliorated during a course of this treatment. 
A series of thirty-four consecutive cases were treated in this way, in addition 
to the routine hospital treatment. There were no deaths (Appendix XIV., 
Chart 5). 


ANTI-SERUM TREATMENT. 


Anti-serum, in the majority of cases, was given intravenously. Adults 
were given twenty ¢c., children ten cc. or less. For injection a Roux’s 
syringe, holding 10 cc., was used. One injection was given into the median 
basilic vein on each side. In several instances, especially in those cases suffering 
from the severest type of infection, the administration of 50 to 70 cc. of 
anti-serum on three or four consecutive occasions was followed by marked 
improvement. In some few cases in which the veins were not prominent, 
especially in women and in children, the anti-serum was injected subcutaneously. 
A rise of temperature of from 2° to 3° F. was noted in a few instances after the 
injection, and in one case in particular there was a rigor ; otherwise no untoward 
after-effects were noted. 

To prevent deterioration of the serum by climate, the stock was kept in an 
ice chest at about one degree above freezing point. 

In cases of collapse, continuous subcutaneous transfusion with normal saline, 
along with the anti-serum, was given, and often was employed with marked 
benefit. 

If I might be allowed to draw conclusions from my limited number of cases, 
the combined method of anti-serum injection, together with the administration 
of salines and cyllin, gives the best results. 

The details of four severe cases of dysentery which recovered inde this 
line of treatment are given in Appendix XIV., and Charts 6,7, 8 and 9. The 
improvement which took place, not only in the general condition of the patient, 
but also in the number and character of the stools, was very apparent (Appendix 
XIV., Chart 7). 

The combination of these three lines of treatment seems to be a rational 
one. ‘The lesions of acute dysentery are local at first, and are mostly confined 
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to the large intestine, whence the toxins are absorbed into the blood and cause 
severe constitutional effects. To counteract the deleterious effect of the toxins 
of the dysentery bacillus, anti-serum is injected. The administration of sodium 
sulphate tends to cleanse the large bowel of faecal matter, thereby hindering 
undue putrefaction, and consequently accelerates the healing of the ulcerated 
surface. Cyllin in large doses has been found to exert a marked influence on 
the intestinal flora, and thus most probably prevents the multiplication of the 
dysentery bacillus and other intestinal organisms in the intestinal contents. 

Shiga states that since the introduction of anti-dysenteric serum the case 
mortality from bacillary dysentery has fallen from thirty-five per cent. to nine 
percent. Good results from polyvalent anti-dysenteric sera have been recorded. 
by Coyne and Auché, Vaillard and Dopter in France, by Rosenthal in Moscow, 
and Liidke in Germany. 

In instituting therapeutic comparisons, especially in diseases of such variable 
severity as dysentery, it is necessary to specify the type of cases treated, and 
especially the proportion of exceptionally severe ones. 


VII. Prophylaxis. 


The question of prevention of epidemic dysentery in Suva is of vital import- 
ance to the whole Colony. Epidemic dysentery constitutes the only epidemic 
scourge of importance interfering with the increasing prosperity of the islands. 

At present there is no drainage system in Suva; it would seem that the 
comparatively healthy condition of the town is attributable to the frequent 
cleansing effected by the exceptionally heavy rainfall. 

There is an extensive pail system of disposing of the nightsoil. The benefit 
of this as regards dysentery is, to say the least, doubtful, for the pail system 
necessarily affords facilities for flies to breed in numbers, and to contaminate 
themselves in faecal matter, as has been proved to be the case under actual 
experiment. From what I have observed I am convinced that the spread of 
infection by house-flies affords the most plausible explanation of the incidence 
and prevalence of dysentery in Suva, and in great measure in the villages and 
plantations in the Jfiji Islands. A complete drainage system is about to be 
installed in Suva. It is to be hoped and expected that, with this and improved 
sanitation generally, the number of house-flies will diminish, and with them the 
seasonal occurrence of epidemics of bacillary dysentery. 


BAGILLARY DYSENTERY. 


In preparation of the foregoing report on bacillary dysentery, the following 
works have been consulted :— 
ApE—aArch. ft Hye, LXV .,1908; Vol ilo. 107. 
AmaAko.—Atsch. f. Hyg. u. ‘Inf. LX., 1908, Violas 
Avetine, Boycorr & Macponatp.—Journ. of Hyg. oir. ae No..3,,p. 309. 
BiackHam,—Journ. Roy. Army Med. Corps., X., 1908, No. 4, p. 436. 
Buast, DE.—Cbl. fir Bakt., Pt. 1, XX XVI., 1904, No. 2, p- 161. 
Brunwin.—Journ. Trop. Med. 1908, Sept. 15, p. 278. 
Bucuanan.—B. M. J., 1901, I., p. 881, and 1902, II., p. 843. 
CASTELLANI.—Journ. Ceylon Branch B.M.A., 1904. 
Coyne & AvucHt.—Compt. Rend. de la Soc. de Biol. LXV., 1908, p. 629. 
Dryoxe.—Deutsch. Med. Wochensch. 1907, No. 18, p. 726. 
DutcHEeR.—Journ. Amer. Med. Assoc. 1903, No. 8, p. 476. 
Duvau.—ib. 1904, IT., p. 381. 
Duvar & Basserr.—Am. Med. 1902, LV., p. 417. 
Duvat & SHoreR.—Ann. Rockefeller Inst. 1904, Vol. II., p. 42. 
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EscuericH.—Cbl. fiir Bakt. X XVI., 1899, No. 13, p. 385. 
Eyre.—B. M. J. 1904, I., p. 1,002, and Ed. Med. Journ., 1904, p. 489. 
Firru.—Journ. Roy. Army Med. Corps, Dec. 1903. 
FisHEr.—Journ. Med. Res., May, 1907, p. 181. 
FLEXNER.—Univ. Penna. Med. Bull., Aug. 1901, p. 1, and B. M. J. 1901, ILI., 
pe 786: 
Frost & Wuitman.—Cbl. fiir Bakt. XX XVII., 1906, Nos. 11, 14, p. 359. 
Gay & Duvau.—Univ. Penna. Med. Bull., 1903, XVI., p. 177. 
GRAHAM-SmiTH.—Rep. Loc. Govt. Board (New Series), No. 40, 1910, I., p. 1; 
No. 53, 191154»; 31. 
Hirscu, C.—Ed. Med. Journ., 1900, p. 52. 
Hiss.—Journ. Med. Res. XIII., 1904, No. 1, p. 1. 
JENNINGS.—Ind. Med. Gazette, 1905, p. 265. 
JUrGENs.—Ztsch. fiir Exp. Path. u. Therap. IV., 1908, Vol. ILI., p. 769. 
Kemp.—Ztsch. fiir Hyg. u. Inf. LVIT., 1907, Vol. IIT., p. 489. 
Kruse.—Deutsch. Med Wochensch., 1900, No. 40, p. 637. 
—,, i o e 1901, No. 23, 0. 360% 
No. 24, p. 386. 
— 1903, No. 12, p. 201. 
— 1907, No. 8, p. 292 ; 
No. 9, p. 338. 
Klin, Jahr. Rix , 1908, Vol. IV. 
Krvsn, RrvrerHavs, Kump & Merz.—Ztsch. fiir Hyg. u. Inf. LVII., 1907, 
Vol. III. , p. 417. 
KUEN, Gitpmersrer & Worrne.—Art. a.d. Kaiser, Gesundh. XX X1,, Voli, 
1911, p. 394. 
Lentz.—Ztsch. fir Hyg. u. Inf. XLI., 1902, Vol. III, p. 540. 
Lentz, O.—ib. XLITI., 1903, Vol. ITT., p. 480. 
Lewis.—Journ. Roy. Army Med. Corps, VIT., 1906, p. 510. 
LinrmMann.—Miinich Med., Wochensch. 1906, p. 2,097. 
Locurem & ScHUFFNER.—Geneest. Tijdsch. v. Ned. Ind. XLIX., 1909, I., p. 16. 
LupKE.—Deutsch. Med. Wochensch. 1906, No. 5, p. 181. 
Macarister.—B. M. J. 1910, IT., p. 1,506. 
Mackrn.—Ind. Med. Gazette, 1905, p. 260. 
Manson.—Tropical Diseases, 1907. 
MarsHati.—Journ. Roy. Army Med. Corps, 1909, Vol. XII., p. 556. 
Martini & Lentz, O.—Ztsch. fiir Hyg. u. Inf. XLI., 1902, Vol. 111., p. 540. 
Mense.—Handbuch der Tropenkr. Vol. III., pp. 219-274. 
McWreney.—B. M. J. 1906, I., p. 1,564. 
Morcan.—Journ. of Hyg. 1911, Vol. XI. , No.-t p. I. 
MtLuER.—Cbl. fir Bakt. SO O@s, 1902, p. 558. 
Nurratt & Jepson.—Rep. Loc. Govt. Board (New Series), 1909, No. 16, 4, p. 20. 
Ouno.—Phil. Journ. Sci. Vol. I., No. 9, Nov. 1906, p. 951. 
PENFoLD.—Journ. of Hyg. Vol. ite No. tL. Mar, 1911, p. 30. 
Rogérs.—Ind. Med. Gazette, 1903, XX XVIII., No. 2, p. 53. 
RosENTHAL.—CDl. ftir Bakt. XX XIV., 1904, Nos. 16-17, p. 508. 
SANDWITH.—Lancet, 1907, II., Dec. p. 1,589. 
SAUNDBY.—B. M. J. 1906, I., p. 1,325. 
ScHEuBE.—Krankheiten der warmen Lander, 1910, pp. 850-874. 
SHica.—Cbl. fiir Bkt. X XIIT., 1898, No. 14, pp. 599; XXIV., 1898, pp. 817, 
870, 913. 
— Deutsch. Med. Wochensch., 1901, No. 48, p. 741; No. 44, p. 765; 
No. 45, p. 783. 
— Ztsch. fir Hyg. u. Inf. XUL., 1902, I1., p. 355. 
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Su1ga.—Deutsch. Med. Wochensch., 1903, No. 7, p. 113; No. 18, p. 327. 
Phil. Journ. Sci., I., No. 5, June, 1906, p. 425. 

-— Ztech, fur Hye: vu: int bX. 1908) Noo ly pp. 75, 120: 
Torrey.—Journ. Exp. Med., 1905, VII., pp. 365 and 385. 
Tworr.—Proc. Roy. Soc. Lond., Vol. LX XIX., 1907, p. 329. 

— Chl. fiir Bakt. XL., 1907, p. 508. 

Varrtarp & Doprer.—Ann, de l'Institut Pasteur, 1903, June, p. 463; 1907, 
XXI., No. 4, p. 242. 

Vauaran.—Ind. Med. Gazette, 1904, Oct., p. 361. 

VEDDER & Duvau.—Journ. Exp. Med., Vol. VI., No. 2, Feb. 1902, p. 181. 

WeENyYoN.—Quart. Journ. Microscop. Sci., Part II., June, 1910, p. 241. 

WooLstEIN & Dewry.—Ann. Rockefeller Instit., 1904, Vol. II., p. 42. 


B.—Amoebic Dysentery. 


Historical—Amoebae were discovered in association with dysenteric stools 
by Loésch in 1875. In 1886 Koch and Kartulis found similar protozoa very 
commonly indysenteric excreta in Egypt, and by rectal injections of amoebae- 
containing liver pus the latter produced dysenteric symptoms in a cat. The 
assumed pathogenicity of these amoebae was, however, placed in doubt by 
Kruse and Pasquale in Italy, who found similar organisms in the stools of twenty 
out of thirty-five healthy persons examined.* It was recalled also that Lewis 
and Cunningham had found.amoebae in the stools of cholera patients in India. 

In 1891, in their well-known essay, Councilman and Lafleur described the 
lesions of the type of dysentery associated with amoebae, and now known as 
Amoebic Dysentery, as quite distinct from any other affection of the bowel, 
and demonstrated that the histological picture produced by the action of the 
amoeba in the tissues was entirely different from that produced by a bacterial 
invasion. 

Jiirgens, in 1902, studied an outbreak of dysentery in troops from abroad on 
their return to Germany. Both amoebic and bacillary forms were found. He 
contended that the amoeba was able to cause dysenteric bowel lesions without 
bacillary intervention. 

Shortly afterwards Schaudinn’s work appeared, and seemed definitely to 
settle the problem. He described two forms of amoebae—a harmless and a 
pathogenic. He stated that, in addition to distinctive differences in structure 
of their respective vegetative stages, the method of reproduction in the two 
forms was also entirely dissimilar. The two forms were specifically distinct. 
The pathogenic form he called Hntamoeba histolytica, the non-pathogenic 
Entamoeba coli. 

The chief characteristics of the two species were given as follows : 4. cola.— 
The vegetative form when at rest shows no distinction between endo- and 
ectoplasm. The nucleus is prominent and visible in the fresh specimen. In 
specimens stained by Schaudinn’s method (iron alum and Heidenhain’s haema- 
toxylin) the nucleus is centrally placed, has a well-marked nuclear membrane, 
and a distinct central karyosome. Multiplication takes place both by 
simple fission and by spore formation. As preliminary to the latter the amoeba 
encysts; then the nucleus divides into two pairs, which subsequently conjugate, 


* Authors differ in regard to the proportion of healthy individuals harbouring amoebae. 
Musgrave and Clegg found them in 4 per cent. of cases not suffering from dysentery or 
diarrhoea. After the administration of Rochelle salts, Craig found them in 65 per cent. 
of cases examined ; Vedder in 70 per cent. of Filipinos and 50] per cent. of American soldiers 
examined in the Philippines ; whilst Hoyt in 1908 found them in 76 per cent. Filipinos 
and 32 per cent. of men in the American navy. 
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each pair forming a cell with two nuclei. These in turn again divide, and thus 
eight young amoebae are formed within the parent cyst. The nuclei retain 
their distinctive characters, namely, a nuclear ring and a central karyosome. 

EL. histolytica has a definite refractile homogeneous ecto- and a granular 
endoplasm. The nucleus cannot be distinguished in the living amoeba. In 
stained specimens the nucleus is excentrically placed, is poor in chromatin 
elements, and contains no definite network. This amoeba multiplies by 
fission, and also by a peculiar process of budding, or sporogony. The young 
amoebae, each containing part of the chromatin of the original nucleus, are 
budded off in this way and measure three to seven » in diameter. They 
possess a membrane which is extremely dense and refractile. 

Schaudinn never found amoebae in bacillary dysentery stools, and was 
of opinion that the dysentery bacillus killed off amoebae and other intestinal 
protozoa. 

Craig’s results, published shortly afterwards, confirmed Schaudinn’s state- 
ments, especially as regards the morphological differences of the vegetative 
form of the two types of amoeba. These minute distinctions, though accepted 
by most German writers, have not received confirmation at the hands of others 
who have worked at this subject, notably Musgrave and Clegg, in Manila. 
Recently, however, Walker, working in Manila, has confirmed Schaudinn’s 
statements in every particular and maintains that both H. coli and LH. histo- 
lytica are obligatory parasites, the latter being the germ cause of amoebic 
dysentery. 

In 1907 Viereck described a new amoeba, which he considered belonged to 
the same family as #. coli, but was distinguished by having only four nuclei in 
. the cystic stage. Quite independently, Hartmann described the same amoeba 
in cases of amoebic dysentery occurring in Africa. This species is now known 
as H. tetragena. The nucleus of the vegetative form is intermediate in character 
between that of L. coli and EH. histolytica. It possesses a well-marked intra- 
nuclear ring of chromatin. In the cystic condition the chromatin of the nucleus 
is separated into two distinct masses, situated at the periphery of the nucleus. 
In 1908 Werner found the same amoeba in cases of amoebic dysentery at 
Hamburg, and confirms the distinctions noted by the previous observers. Both 
he and Hartmann were able to infect cats by rectal injection ; the latter also 
succeeded in causing hepatic abscess in these animals. 

Tetragena cysts have been found in normal stools by Hartmann in Africa, 
and by Kuenen in Java. 

Lately, Von Prowazek has described yet another amoeba found in the normal 
stool of Samoans ; this he proposes to call H. williamsi. In the cystic stage 
there are eight nuclei clustered together in the centre of the cyst ; these nuclei 
have a distinct nuclear ring and a well-marked central karyosome. 

The experimental production of dysentery in animals, notably cats, has been 
effected by a number of workers. Kruse and Pasquale were able to infect cats 
by rectal injections of dysenteric stools, and also with sterile liver pus containing 
amoebae. Harris produced dysentery and liver abscess in puppies by the same 
means. Schaudinn produced dysentery in cats by feeding them with faeces 
containing amoeba cysts only, whilst with faeces containing only amoebae he 
failed to convey the disease. Sanduchean, by the intravenous injection of 
sterile liver pus containing amoebae, was able to produce dysenteric symptoms 
in a dog. 

The culture of intestinal amoebae is attended by considerable difficulties. 
No one has yet succeeded in growing them in artificial media in pure culture 
_and free from extraneous organisms. Apparently, for their propagation in 
artificial culture, lower forms of life, notably bacteria, must be present. <A 
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symbiotic bacillus is essential. Hence the term “ pure mixed culture ” employed 
by Frosch and utilized by Musgrave and Clegg and other workers. The medium 
generally employed for these “* pure mixed cultures ” is a weak solution of agar 
containing salt and beef extract. 

Musgrave and Clegg claim to have produced dysenteric symptoms in cats 
by the injection of amoebae cultivated from water, earth, and vegetables, as 
well as of amoebae obtained from stools and from ulcers of the human intestine. 
They produced amoebiasis in a man who swallowed a culture grown from an 
amoebic dysentery stool, but they experienced considerable difficulty in culti- 
vating amoebae from liver-abscess pus. According to them, harmless saprophytic 
amoebae may become pathogenic when injected into animals; an observation 
confirmed in 1909 by Noc, who cultivated what he regards as pathogenic 
amoebae from the water supply of Saigon, but opposed by Walker in Manila. 

Notwithstanding these observations, the view held by Kuenen, Bensen, 
Vedder and others is gradually gaining ground, namely, that the real intestinal 
amoebae of man have not yet been cultivated on artificial media, and that those 
described as being derived from human excreta really belong to another species 
Amoeba limax, a harmless saprophyte extremely common in water and soil, 
and consequently liable to occur in human excreta. It is pointed out that 
neither the vegetative form nor the cysts bear any resemblance to the original 
intestinal amoebae from which they were also said to be descended. The cysts 
depicted by Musgrave and Clegg had a tough refractile cyst membrane, not at 
all resembling that of Amoeba coli. 'The same conclusions have been arrived 
at by Greig and Wells in the course of a recent investigation published in the 
Scientific Memoirs of the Government of India. 


PATHOLOGY OF AMOEBIC DYSENTERY. 


As regards the pathology of amoebic dysentery, the monograph of Councilman 
and Lafleur is still a classic ; while regarding the amoeba as the essential factor, 
they are careful to express their belief that amoebic lesions, unmodified by the 
action of intestinal bacteria, are never seen. 

According to these authors, to Wooley and Musgrave and many others, the 
whole or part of the large intestine in amoebic dysentery may be affected by 
the characteristic lesions. The typical ulcer is recognized by the undermining 
of its edges, the consequence of lack of resistance on the part of the submucous 
layer to the invading amoebae. 

Kuenen states that, although there are great variations in the appearances 
of amoebic lesions owing to secondary infections, yet the amoebic form can 
always be distinguished macroscopically from the bacillary. In the amoebic 
form, he says, the ulcers are definitely circumscribed, have raised undermined 
margins, the mucous membrane between the ulcers being apparently normal ; 
whereas in bacillary dysentery inflammation of the mucosa is diffuse, and there 
is disintegration of the epithelium, the so-called diphtheritic or croupous form 
being due to a gradual transformation of the inflamed mucosa into a layer of 
fibrin containing numerous pus cells. 

As noted by Musgrave and Lenz, lesions of the appendix are common in 
amoebic dysentery, and may give rise to symptoms of appendicitis during life. 


OBSERVATIONS ON AMOEBIC DYSENTERY IN FUJI. 


During the routine microscopical examination of dysenteric discharges in 
Fiji, active amoebae were found in nine cases. In two others amoebae were 
found in the intestinal lesions post-mortem. A summary of these eleven cases 
is given in Appendix XV. (Charts 10, 11, and 12). 
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As regards racial incidence, two of the patients were Europeans, two Solomon 
Islanders, six Indians and only one Fijian. 

There appeared to be no marked tendency of the disease to occur at any 
particular season. 3 

In most instances the amoebae were very numerous in the mucus; in two 
instances, however, they were only found at the second microscopical examina- 
tion of the discharges. As regards their characters, considerable variation was 
met with. In size they averaged about twenty to thirty » in diameter. In 
no instance could the nucleus be clearly distinguished in the fresh specimen. 
The protoplasm was, in many instances, vacuolated and contained red blood 
corpuscles. Although in some the granular endo- and clear ecto-plasm were 
clearly distinguishable, in others this character differentiation was not obvious. 
In one stool only were amoebic cysts seen. ‘These were large cysts, twenty to 
thirty » in diameter, and containing eight nuclei, in this respect resembling 
Entamoeba colt. 

Specimens of amoebae from every case were fixed and stained by 
Schaudinn’s method. These specimens have all been critically examined 
by Dr. C. M. Wenyon, to whom I am greatly indebted for this assistance. 
All resemble the Entamoeba histolytica type of Schaudinn in certain features, 
namely, the excentric position of the nucleus and the absence of a definite 
nuclear ring of chromatin. 

Cultures on Conradi-Drigalski medium from the freshly-passed mucus were 
made in every case, but no organisms at all resembling the dysentery bacillus 
were ever isolated. 

The clinical histories, as far as I could procure them, of my cases of amoebic 
dysentery, differed widely from those of bacillary dysentery. Dysenteric 
symptoms had been present for a considerable time, and in the case of the two 
Europeans, whose statements could be relied on, there had been several relapses 
before admission to hospital. Hepatic symptoms were present in four instances. 
In one there was definite inflammation and enlargement of the liver, a marked 
rise in temperature and a leucocytosis. One had a large abscess of the liver, 
concomitant with an attack of amoebic dysentery, whilst two others had 
tenderness and enlargement of the liver without a corresponding rise in 
temperature. In a fifth instance, no hepatic symptoms were recognized 
during life, but post-mortem, together with ulceration of the gut, numerous 
small liver abscesses were found. 

In the remaining cases not much assistance could be obtained for the differ- 
ential diagnosis of the two varieties of dysentery from a physical examination 
of the patient. 

In six out of ten cases of amoebic dysentery temperature was above normal* 
(charts illustrating different cases of amoebic dysentery are given in Appendix 
XV. and Charts 10, 11 and 12). There was the same abdominal pain and 
tenderness, located especially in the region of the caecum and of the sigmoid 
flexure, and the thickened, contracted coils of the latter could easily be felt 
through the abdominal wall. | 

Eight of the cases were acutely ill. In one instance only was the attack 
unaccompanied by abdominal tenderness or tenesmus. 

One case ran a very rapid course, death taking place after eleven days in 
hospital. He was passing blood continuously during that time. No amoebae 
were found in the discharges during life, but, post-mortem, amoebae were found 
in sections of the ulcerated gut and in the liver. Cases resembling this one in 
acuteness and in the absence of amoebae in the stools have been quoted by 

Kuenen. 


* Tn one case as high as 102 deg. F. 
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No agglutination reaction with cultures of Flexner’s or Shiga’s bacilli in a 
dilution of 1 : 50 was obtained in any of my cases of amoebic dysentery. 

In the differential diagnosis of the bacillary and amoebic forms no definite 
assistance could be obtained from the macroscopic examination of the stools. 
Sometimes the intestinal discharges consisted of green-coloured faecal matter, 
over which clots of pink mucus were scattered, identical with the stools of 
bacillary cases. At other times the faecal matter had the most offensive odour, 
and was intimately mixed with slimy mucus and quantities of blood, the general 
appearance resembling strawberry jam. 

A method of treatment different from that employed for bacillary dysentery 
was adopted in amoebic dysentery. All, in whom a diagnosis of amoebic 
dysentery was made during life, were given powdered ipecacuanha, some in 
gradually increasing doses from five to thirty grains, others in decreasing doses 
from thirty to five grains on successive nights, according to Manson’s method. 

When the vomiting was excessive, coating the ipecacuanha pills with salol, 
or enclosing them in keratin capsules, as suggested by Rogers, proved successful. 

The rapid improvement which followed the administration of ipecacuanha 
left nodoubt in my mind as to its specificity for the amoeba. The beneficial action 
of the drug was well exemplified in cases of hepatitis, in which an immediate 
reduction of temperature with a disappearance of symptoms soon took place. 
I think it can be fairly claimed that not only does it avert the development of 
hepatic abscess, as suggested by Rogers, but actually exerts some specific 
action on the parasite. 

I have quoted in Appendix XV. (6) the case of an Indian who was operated 
on for a large abscess in the right lobe of the liver, and amoebae were found in 
the pus. The abscess cavity became secondarily infected. The stools contained 
blood and mucus and many amoebae. Subsequently, another abscess formed 
in the left lobe of the liver and a pneumo-thorax developed on the right side. 
On full doses of ipecacuanha he completely recovered after a protracted illness, 
and was able to return to India. 

One European had been dosed with sulphates for three months without any 
permanent improvement. On full doses of ipecacuanha he was discharged, 
after three weeks’ stay in hospital, passing normal stools. 

The other European, on failing to take the ipecacuanha pills with which he 
was provided, relapsed immediately. 

A post-mortem was secured on a Solomon Islander, Appendix XV. (4), after 
apparent recovery from an attack of amoebic dysentery. Death was due to 
pulmonary tuberculosis. Ipecacuanha had been given in full doses. He died 
eleven days after the stools had become normal. The condition, found post- 
mortem, in the large intestine may, perhaps, explain the action of ipecacuanha 
on the amoebae. Numerous scars of healed ulcers were found in the large 
intestine ; the whole surface was covered by a greenish-yellow diphtheritic 
membrane, which could be removed with ease, leaving a granulating surface 
behind. In microscopical sections amoebae, many of them dead and under- 
going degenerating changes, were found in a dense layer of fibrin and round 
cells surmounting the epithelial layer of the mucous membrane (PI. V.). 

No amoebae were ever found in the stools after the administration of ipecacu- 
anha. Intestinal flagellates which had been present also disappeared. 

Post-mortems were secured in three cases of amoebic dysentery. One specially 
deserves mention. This was a Fijian who died suddenly from intestinal heemor- 
rhage (Appendix XVI.). The large intestine, from sigmoid to anus, was studded 
with large, deep ulcers of irregular shape; the adjacent mucous membrane 
appeared healthy. In microscopical sections of the ulcers, amoebae were seen 
in numbers invading the submucous layer at the edge of the ulcer. This layer 
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P. H. Bahr del., 1911. 
PLATE, N.. 


Microscopic section of the transverse colon from a case of amoebic dysentery which had 
been treated for a lengthy period with ipecacuanha. 


The patient died subsequently 
from widespread tuberculosis after all clinical symptoms of dysentery had disappeared. A 


false membrane is seen covering the epithehal layer, which is only partially disintegrated. 
In this membrane numbers of amoebae undergoing disintegration are lying. 


To face p. 34. 
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was swollen and oedematous, the blood-vessels were dilated, but there were no 
hemorrhages. The amoebae were surrounded by fibroblasts and round-cell 
infiltration. Amoebae were seen also in the adjacent intact mucous membrane, 
lying amongst the interstitial tissue between the crypts and actually in the 
lumen of the crypts themselves. Many of the amoebae, in sections stained 
with eosin, were seen to contain red blood corpuscles. The structure of the 
nuclei was similar to that already described (Pl. VL). 

In Appendix XV. (10) is given a summary of a post-mortem on a Solomon 
Islander who died after a very acute attack. No amoebae were found in the 
stools. The case was regarded as of bacillary origin, and a number of injections 
of anti-serum were given without the least benefit. Ulcers were found through- 
out the whole of the large intestines ; they were irregular in shape, and ramified 
in every direction. The rest of the mucous membrane appeared healthy. In 
microscopical sections the circular muscular fibres were seen to be laid bare, 
except for a thin layer of necrotic tissue, in which a few vacuolated amoebae 
were found. There was no evidence to show that the amoebae alone could be 
held responsible for damage of such an extensive nature. The assumption that 
a secondary infection with intestinal bacteria had probably supervened, and 
that in the subsequent destruction of the mucous membrane all the amoebae 
had been swept away, seems justifiable. In this case the liver weighed sixty 
ounces, and throughout its substance many small abscesses were scattered, 
none larger than a small pea. In microscopical sections of the liver stained by 
iron haematoxylin, amoebae in small numbers were found in the centre of the 
necrotic tissue. There was marked absence of reaction on the part of the 
surrounding tissue, the liver cells appearing to have undergone a gradual 
necrosis. These amoebae, as far as could be ascertained from specimens in 
section, bore the morphological characters of H. histolytica. No amoebae were 
found in the healthy liver tissue. 

A summary of the third post-mortem, to which reference has been made, is 
given in Appendix XV. (4). 

A series of normal Fijian stools were examined for the presence of amoebae. 
The specimens were obtained from several native schools, where the boys were 
under supervision and an accurate collection of stools possible. All were 
collected from young individuals of from 7 to 18 years of age. Out of 154 
such examinations, vegetative amoebae and amoebic cysts were found in 
9-2 per cent. 

In the majority of instances these cysts resembled those of Hntamoeba coli, 
and contained eight nuclei; they measured 20 to 30 y in diameter. Smaller 
cysts were commonly present; these contained only four nuclei. The 
stained specimens agree with the published descriptions of the cysts of Hnt- 
amoeba tetragena. The cysts with eight closely-aggregated nuclei, with well- 
marked central karyosomes, correspond to the figures of Entamoeba williamsi 
of Prowazek. 

The vegetative forms, in stained specimens, had a definite nuclear ring, and 
corresponded with the descriptions of H’ntamoeba colt. 

The percentage infection with amoebae was found to vary in different 
localities. In one school, on a remote island, it was as high as 23 per cent., 
while in another, close to Suva, it was as low as 2 per cent. 

On the whole the percentage infection with H. coli in Fijians is much lower 
than that given by the American workers for Manila. This can be explained, 
perhaps, by the diet of the two peoples, which, amongst the Fijians, consists 
almost entirely of cooked farinaceous food, raw vegetable material being rarely 


consumed. 
Intestinal flagellates, probably T'richomonas intestinalis, were found in 31 per 
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was swollen and oedematous, the blood-vessels were dilated, but there were no 
hemorrhages. The amoebae were surrounded by fibroblasts and round-cell 
infiltration. Amoebae were seen also in the adjacent intact mucous membrane, 
lying amongst the interstitial tissue between the crypts and actually in the 
lumen of the crypts themselves. Many of the amoebae, in sections stained 
with eosin, were seen to contain red blood corpuscles. The structure of the 
nuclei was similar to that already described (Pl. VI.). 

In Appendix XV. (10) is given a summary of a post-mortem on a Solomon 
Islander who died after a very acute attack. No amoebae were found in the 
stools. The case was regarded as of bacillary origin, and a number of injections 
of anti-serum were given without the least benefit. Ulcers were found through- 
out the whole of the large intestines ; they were irregular in shape, and ramified 
in every direction. The rest of the mucous membrane appeared healthy. In 
microscopical sections the circular muscular fibres were seen to be laid bare, 
except for a thin layer of necrotic tissue, in which a few vacuolated amoebae 
were found. There was no evidence to show that the amoebae alone could be 
held responsible for damage of such an extensive nature. The assumption that 
a secondary infection with intestinal bacteria had probably supervened, and 
that in the subsequent destruction of the mucous membrane all the amoebae 
had been swept away, seems justifiable. In this case the liver weighed sixty 
ounces, and throughout its substance many small abscesses were scattered, 
none larger than a small pea. In microscopical sections of the liver stained by 
iron haematoxylin, amoebae in small numbers were found in the centre of the 
necrotic tissue. There was marked absence of reaction on the part of the 
surrounding tissue, the liver cells appearing to have undergone a gradual 
necrosis. These amoebae, as far as could be ascertained from specimens in 
section, bore the morphological characters of #. histolytica. No amoebae were 
found in the healthy liver tissue. 

A summary of the third post-mortem, to which reference has been made, is 
given in Appendix XV. (4). 

A series of normal Fijian stools were examined for the presence of amoebae. 
The specimens were obtained from several native schools, where the boys were 
under supervision and an accurate collection of stools possible. All were 
collected from young individuals of from 7 to 18 years of age. Out of 154 
such examinations, vegetative amoebae and amoebic cysts were found in 
9-2 per cent. 

In the majority of instances these cysts resembled those of Hntamoeba coli, 
and contained eight nuclei; they measured 20 to 30 » in diameter. Smaller 
cysts were commonly present; these contained only four nuclei. The 
stained specimens agree with the published descriptions of the cysts of Hnt- 
amoeba tetragena. The cysts with eight closely-aggregated nuclei, with well- 
marked central karyosomes, correspond to the figures of Hntamoeba williamsi 
of Prowazek. 

The vegetative forms, in stained specimens, had a definite nuclear ring, and 
corresponded with the descriptions of Hntamoeba coli. 

The percentage infection with amoebae was found to vary in different 
localities. In one school, on a remote island, it was as high as 23 per cent., 
while in another, close to Suva, it was as low as 2 per cent. 

On the whole the percentage infection with #. coli in Fijians is much lower 
than that given by the American workers for Manila. This can be explained, 
perhaps, by the diet of the two peoples, which, amongst the Fijians, consists 
almost entirely of cooked farinaceous food, raw vegetable material being rarely 
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cent. of the stools; a great many small round and oval cysts 7 to 15 » 
in diameter, possibly the cystic stage of this flagellate, were commonly 
encountered. 

A few words may be added about certain other conditions which, from the 
characters of the stools passed during life, were liable to be confounded with 
amoebic dysentery. 

An Indian woman, passing dysenteric-like stools containing blood and mucus, 
was found post-mortem to have a new growth of the right suprarenal capsule, 
which had extended into the hepatic flexure and caused ulceration. 

Stools containing slimy mucus are passed in tubercular ulceration of the 
intestine, and resemble in their macroscopic appearances those of amoebic 
dysentery. One such case, in a Solomon Islander, was met with: post-mortem. 
In addition to extensive pulmonary tuberculosis, there was tubercular ulceration 
of the small intestine. 

A post-mortem on an Indian child who had passed stools containing quantities 
of blood and slime revealed a phagedaenic condition of the vagina and rectum, 
the latter being occupied by green sloughs. The large intestine was dotted 
with large, deep undermined ulcers of a peculiar green colour ; the caecum was 
the seat of a large ulcer, which had perforated the appendix. In microscopical 
sections great numbers of micrococci, but no amoebae, were found. The 
condition resembled the disease known as gangrenous rectitis, described by 
Dr. Daniels as occurring in Fiji. 
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PLATE VI. 


Transverse section through the base of an amoebic ulcer. Amoebae are lying in the 
submucous layer and invading the interstitial tissue between the crypts, where the section 
passes through an overhanging fold of apparently healthy mucous membrane. 


To face p. 36. 
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APPENDIX II. 


Showing the Mortality from Dysentery at the Colonial Hospital, Suva. 
Compiled from the Statistical Returns of the Last Six Years. 


Euro- Fijians. Solomon Indians. Miscel- Total. 


peans. Islanders. laneous. 
1904 oe - vo 12> LE 88 Oe 04 
Deaths bac SPP T eS oe De Mk (ate ieee ee 8 
Death rate—5-2 per cent. 
1905 ie 5 cel SD Re B27 STS ee 
Deaths a CE a ee Se Tie ar og 12 
Death rate—9-7 per cent. 
1906 oe ees tie LOM SRS: or BLO. (00 ee eee 
Deaths a oe ARR ree Be LO ee ees 
Death rate—12°8 per cent. 
1907 Ae Ae ope 58 hee. 826) 0 es) ee So | ee 
Deaths =H ae OMe ere St eee ty 2 SB ae 
Death rate—10-4 per cent. 
1908 ae By oh 20 2 CT ee D0 OD Se eee 
Deaths ms HS lies ta ee, man Lee ree O 12 
Death rate—4-7 per cent. 
1909 a Dee Zio wes 80) BAe 28 LO ee 
Deaths Ee ee Os Wee = See ek oS) eS ae 


Death rate—9-1 per cent. 


The returns given above are taken from the Government Blue Book statistics 
and show a somewhat low and variable mortality. It must be remembered 
that in these returns no distinction is made between amoebic and bacillary 
dysentery, and also that many cases with diarrhoea, admitted for observation, 
but who never developed dysentery, are included under this heading. It must 
be borne in mind, too, that all these patients are treated under modern conditions 
and under trained nurses. Amongst the native Fijians the mortality is much 
higher ; in 1908 an epidemic, of which there are accurate records, occurred 
on the Rewa river. In three months there were 38 cases with 11 deaths—a 
mortality of 25-7 per cent. At the same time there were 139 cases amongst 
the indentured Indians in the plantation hospital with a mortality of 2-8 per 
cent. These Indians are nursed under modern conditions and are admitted 
immediately they show signs of the disease. 
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APPENDIX II.—continued. 


Returns from Provincial Hospitals (Sugar Districts) in Fiji, showing the 
Mortality and Seasonal Incidence.—Nearly all Patients are Indians 
working under Indenture on Plantations. 


Greatest Seasonal Number Deaths. Mortality 
Locality. incidence. of cases. per cent. 
1908— | 
Lautoka s. May-June, July.  .. 40 1 25 
Rewa .. .. duly, August... to. _ 138 4 2°8 
Navua ~ December. = 2 ae 61 5 8-1 
Ba & Tavua .. August, September. .. LED oe eae i} 
1909— 
Lautoka .. March, April. oe 455 | =) RS ee ee 
Rewa (Indians).. February, March. 
| April, May. .. .. - 236 8 2°5 
, (Fijians) .. January. as ee 65 6 32 
Navua .. February, March, .. 100 4 4 
Ba & VYavua:... -- duly. =. ae oe al O O 
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APPENDIX II.—continued. 


Returns from Provincial Hospitals showing Death-rate amongst the 
Native Fijians. 


. District. No. of Cases. Deaths. Mortality. 
1905—Ba Oe 7 ie 1 
Bua 1 O 
Cakondrove 6 O 
Kadavu if O 
Macuata 1 O 
Nadroga 7 3 
Ra 5 3 
Rewa 7 O 

41 fi 17 per cent. 
1906—Ba : 11 ‘| 
Cakondrove 3 y. 
Kadavu 2 O 
Macuata 1 O 
Nadroga 1 O 
Ra 7 1 
Rewa 4 1 

29 5 17 per cent. 
1907—Ba 5a 5 O 
Cakondrove 2 O 
Kadavu 15 O 
Macuata Ue 1 
Nadroga 3 2 
Ra 12 2, 
Rewa 9 O 

59 5 8 per cent. 
1908—Ba 4 1 
Bua 1 O 
Cakondrove o 1 
Kadavu 10 e 
Macuata ie 4 O 
Nadroga.. ie 15 il 
Ra By) ae 3 O 
Rewa a oe al 2 
vu 5 7 per cent. 

1909—Ba .. ce Je -2 O 
Cakondrove ah 28 33 
Kadavu... x 56 16 
Macuata .. x 22 ih 
Nadroga.. - 5 1 
Ra xs oe 6 4 
Rewa Pe 65 6 

191 31 16 per cent. 
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APPEN- 


TABLE showing reaction of patients’ sera, at different periods of the disease 
from other cases but belonging to other types, according to their 
microscopic method of agglutination used. Time limit allowed in 


Type to which bacillus isolated . - 
nee patient’s stool belongs, and ee So eee Ageglutination with 
form of dysentery from which Sas ae = ' | patient’s own serum. 

patient was suffering. : 

A.—Clinically acute case .. os si llth day Dilution 1: 200 + 
A.—Clinically acute case .. ‘s ¢ ‘8th day Dilution 1: 200 + 
A.—Clinically mild case... a * 5th day Dilution 1: 100 — 
9th day Dilution 1:50 — 
A.—Clinically acute case... Hs 23 5th day Dilution 1: 100 — 
8th day Dilution 1: 100 + 
A.—Clinically acute case .. we sus 6th day | Dilution 1: 500 + 
A.—Clinically fulminant or toxic case... 5th day Dilution 1: 200 + 
12th day | Dilution 1: 500 + 
A.—Clinically mild case ee age > 3 4th day Dilution 1: 100 + 
B.—Clinically acute case .. es ae 7th day | Dilution 1: 200 + 
C.—Clinically fulminant or toxic case Me 5th day Dilution 1: 200 + 
D.—Clinically mild case... 7: = 7th day Dilution 1:100 + 
E.—Clinically acute case .. = = 8th day Dilution 1: 500 + 
EK.—Clinically acute case .. Le x 9th day Dilution 1: 500 + 
K.—Clinically acute case .. se ae llth day Dilution 1: 100 + 

E.—Clinically mild case... aC 7s 4th day 

F.—Clinically mild case ae i 3 5th day 
G.—Clinically mild case... oe is 4th day Dilution 1:50 — 
G.---Clinically acute case... the ve 4th day | Dilution 1100>—— 


In the case of natives it. is difficult to ascertain tho exact date of the onset of 
inspected and are sent to hospital 
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DIX V. 


towards bacilli isolated from their own stools, and also towards bacilli isolated 
fermentation reactions. Only 24-hour cultures in peptone broth and 
each case being one hour. 


Reaction of patient’s serum | Day of illness 
Agglutination tests of sera of other towards dysentery bacilli ob- on which 
patients suffering from bacillary dysentery.| tained from other sources and these tests 
belonging to other types. were made. 
Of 26 other patients— With bacillus type Al: 200 + 5th day. 
in 13 positive reaction in dilution 1 : 100 - ss »» of P2060 45 
in 9 positive reaction in dilution | ; 200 
in 4 negative reaction in dilution! : 100 
Of 4 other patients— With bacillus type A 1:100 + 4th day. 
in 3 positive reaction in dilution 1 : 100 
in 1 positive reaction in dilution 1 : 200 
Of 10 other patients— With bacillus type E 1:50 — 5th day. 
in 6 positive reaction in dilution 1 : 100 a ne » A 1:50 — 8th day. 
in 2 positive reaction in dilution 1: 200 at % » E 1:50 — 
in 2 negative reaction in dilution 1 : 100 
Of 5 other patients— With bacillus type A 1: 100 + 5th day. 
in 4 positive reaction in dilution 1 : 100 a 3 » H1:100 — 
in 1 negative reaction in dilution 1: 100 
Of 16 other patients— With bacillus type A 1:100 + 6th day. 
in 5 positive reaction in dilution 1: 100 a 4 » D1:500 + 
in 4 positive reaction in dilution 1 : 200 
in 7 negative reaction in dilution | : 100 
Of 1 other patient— With bacillus type Al: 200 + 5th day. 
dilution 1 : 100, negative reaction in a fe 1: 200 + 
Of 1 other patient— With bacillus type A 1:100 + 4th day. 
dilution 1: 100, positive reaction ne sts x 1:100 — 
A With bacillus type A 1: 200 + 7th day. 
99 oe) Le) Bod 200 
With bacillus type A 1: 200 + 5th day. 
29 “99 ” L200 
Of 10 other patients— With bacillus type Al: 100 — | 7th day. 
in 3 positive reaction in dilution 1: 100 : 5S SS DA LOo 
in 1 positive reaction in dilution 1: 500 
in 6 negative reaction in dilution 1: 100 
Of 7 other patients— With bacillus type A‘1 ; 200 — | 3rd day. 
in 2 positive reaction in dilution 1: 50 oe ss » Al1:200 + 8th day. 
in | positive reaction in dilution 1 : 100 ae ee oy et 2 200 == 
in 4 negative reaction in dilution | : 100 
Of 2 other patients— With bacillus type A 1:100 + 7th day. 
in 1 positive reaction in dilution 1: 50 we x oy we LO, sh COOe ee 
in 1 negative reaction in dilution 1: 50 
Of 2 other patients— With bacillus type A 1: 100 + 6th day. 
in | positive reaction in dilution 1: 50 as a » G1:100 — 
in | negative reaction in dilution 1 : 100 
Of 2 other patients— With bacillus type A 1:100 — | 4th day. 
in 1 positive reaction in dilution 1: 100 35 as » D1:100 — 
in | neue reaction in dilution 1: 100 
Of 5 With bacillus type A 1:100 — | 5th day. 
in 3 este reaction in dilution 1: 100 ae s » D1:100 — 
in 2 negative reaction in dilution 1: 100 
Of 3 other patients— With bacillus type A 1: 50 — | 5th day. 
in | positive reaction in dilution 1: 50 - ~ » Hl: 50 — 
in 2 negative reaction in dilution 1: 50 
With bacillus type Al:100 + | 4th day. 
io 8 pgp Ee WOO SE 


dysentery. Most of the cases, however, were of prisoners whose stools are daily 
immediately they show signs of this disease. 
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APPENDIX VI. 


Agglutination Tests with sera of Patients under observation and suffering 
from symptoms of Bacillary Dysentery. 


Sera of 112 cases were tested. A positive agglutination with Shiga’s bacillus 
in dilutions of from 1: 100 to 1 : 200 were obtained in 83, or 74:1 per cent., of the 
cases. Only twenty-four hour cultures of the bacillus in peptone broth were 
used. Observations were made in hanging drops in welled slides. The time 
assigned for the test was one hour in each case. 

A series of thirty-two cases was tested with cultures of Shiga’s bacillus and 
Flexner’s bacillus (fermenting mannite, dextrose and maltose, and belonging 
to type E, vide Appendix III.) ; these were obtained from Professor R. T. Hewlett 
and Dr. F. W. Twort,* and brought out to Fiji; they had been subcultured 
for several years. 

Shiga maintains that cultures of bacilli are only suitable for agglutination 
tests immediately after they have been isolated. In view of this statement, 
not much reliance was placed upon the results obtained with bacilli subcultured 
over a long period. 

These cases, from which the sera were obtained, have been subdivided 
according to their clinical severity. 


There were 14 mild or catarrhal cases. Of these— 
9 agelutinated Shiga’s bacillus (type A) in a dilution of | : 200. 
4 agglutinated Flexner’s bacillus (type E) in a dilution of 1 : 200. 
One case failed to agglutinate either. 


There were 14 acute or ulcerative cases. Of these— 
10 agglutinated Shiga’s bacillus (type A) in a dilution of 1 : 200. 
2 agglutinated Flexner’s bacillus (type E) in a dilution of 1 : 200. 
4 cases failed to agglutinate either. 
Only one case agglutinated both types of bacilli. 


There were 4 toxic or fulminant cases, 
All agglutinated Shiga’s bacillus (type A) in a dilution of 1 : 200. 
One agglutinated Flexner’s bacillus (type E) as well, in a dilution of 1 : 200. 


A series of 80 cases was tested with broth cultures of bacilli freshly isolated 
from dysenteric stools and from the intestines, post-mortem. These cases are 
again subdivided according to their clinical severity. 


42 were mild or catarrhal cases. Of these— 
28 agglutinated Shiga’s bacillus (type A). 
16 up to a dilution of 1 : 100. 
12 up to a dilution of 1 : 200. 


Flexner’s bacillus, belonging to two varieties, was used, namely, types D 
and EH, vide Appendix ITI. 

18 cases were tested with cultures of bacillus type D. 
10 agglutinated the bacillus. 
8 in a dilution of 1 : 100. 
1 in a dilution of 1 : 200. 
1 in a dilution of 1 : 500. 

9 cases agglutinated Shiga’s bacillus (type A) as well as bacillus D. 


* The original culture from which this bacillus was obtained was type 4 of Firth, and 
gave the same reactions, as stated above, when first isolated, 
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12 cases were tested with cultures of bacillus type E. 
9 agglutinated the bacillus. 
8 in a dilution of 1 : 50-100. 
1 in a dilution of 1 : 500. 
Only one case of this series failed to agglutinate a dysentery bacillus. 


35 were acute or ulcerative cases. 
29 agglutinated Shiga’s bacillus (type A). 
16 in a dilution of | : 100. 
13 in a dilution of 1 : 200. 
1 in a dilution of 1 : 500. 


7 cases were tested with culture of bacillus type D. 
5 agglutinated the bacillus. 
2 in a dilution of | : 100. 
1 in a dilution of 1 : 200. 
2 in a dilution of 1 : 500. 
3 agglutinated Shiga’s bacillus (type A) as well as type D. 


16 cases were tested with cultures of bacillus type E. 
7 agglutinated the bacillus. 
5 in a dilution of 1 : 50-100. 
2 in a dilution of 1 : 500. 
6 agglutinated Shiga’s bacillus (type A) as well as bacillus E. 


4 cases were tested with cultures of bacillus type F. 
2 agglutinated the bacillus in a dilution of 1 : 100. 
2 cases agglutinated Shiga’s bacillus as well as type F. 
7 cases of this series failed to agglutinate a dysentery bacillus. 


3 were toxic or fulminant cases. 

All agglutinated cultures of Shiga’s bacillus (type A). 
1 in a dilution of 1 : 100. 
1 in a dilution of | : 200. 
1 in a dilution of 1 : 500. 

All agglutinated Flexner’s bacillus (type E). 
1 in a dilution of 1 : 100. 
1 in a dilution of 1 : 200. 
1 in a dilution of 1 : 500. 

All agglutinated Shiga’s bacillus as well as type E. 


APPENDIX VII. 
ANALYSIS OF CLINICAL CASES. 


(1) Mi~p or CaTARRHAL Form oF DvsENTERY.—AN ANALYSIS OF 90 CASEs. 


The temperature was raised only at the commencement of the attack, and 
fell to normal on the second day in 44°6 per cent. In only 7:7 per cent. was a 
temperature of over 100° F. registered—in one case it was 105° F. 

The pulse rate was not accelerated above normal in a number of instances. 
In only 20 per cent. of the cases was a pulse rate of over 100 per minute recorded. 

The tongue remained clean throughout the attack in 15:6 per cent. 

Tenesmus on defaecation was noted in 62:2 per cent. 

Abdominal tenderness, especially in the left iliac fossa, over the sigmoid 
flexure, was found in 60 per cent. (Tenderness over the caecum and ascending 
colon was noted only four times.) The contracted coils of the sigmoid flexure 
could be palpated as a definite movable cord in 23°3 per cent. of the cases. 
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Stools.—The first stools passed consisted of blood and mucus without the 
addition of faecal matter in 23:3 per cent. One case passed a normal stool at 
the commencement, followed by others consisting of pure blood and mucus. 
In 7°7 per cent. the motions were solid and faecal, but coated with blood 
and mucus. 

In the remaining cases the stools consisted of liquid yellow faecal material, 
together with blood and mucus. In a few instances the colour of the faeces 
was green. 


(2) AcuTE oR ULCERATIVE Form OF DYSENTERY.—AN ANALYSIS OF 54 CASEs. 


The temperature was raised above normal at the commencement in every 
case but six. In 74 per cent. the temperature registered above 100° F., 
extending over a period of from two to nine days. The corresponding pulse 
rate was accelerated over 100 per minute in 24 per cent. 

The tongue was furred in every case. 

Tenesmus on defaecation was noted in 92°5 per cent. 

Abdominal tenderness over the sigmoid flexure was present in 68°5 per cent. ; 
the contracted coils of the sigmoid could be felt through the abdominal wails 
in 40°7 per cent. 

Stools: In 29-6 per cent. the stools first passed consisted entirely of blood and 
mucus, but in the remaining cases of yellow and green faecal material, often 
containing undigested curds. 


(3) For a FurrverR Account or Toxic or FuLmInant Caszs, vide 
APPENDIX XIV. 


Appendix VII.—CHART tr. 
Disease: Mild or catarrhal form of bacillary dysentery, with no rise of temperature. 
Name: Andriano g. Race: Fijian. Age: 26. Diet: Milk. 
October, 1910. u 2 3 4 5 6 i 


Temperature— 
Fahrenheit Scale. 


Normal 


3 o 
Dysentery bacillus, 7 Normal. 
fermenting lactose 
(type G), isolated from 
stools. Patient’s serum 
did not agglutinate 

any bacilli of dysentery 
group. 


Pulse—Frequency. 


Bowels. 
No. of ae ae 


Motions. | Evening, 


ae eas 
es 3 at ong S 
Description 2Sa3 woo5 =i 
of Stools. 1 528 ee ae 
22° BU =| 
og = 6 
D aS vA 
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Appendix VII.—CHART 2. 


Disease: Bacillary dysentery ; mild or catarrhal form, with initial rise of temperature. 
Name: Eparama. Race: Fijan ¢. Age: 24. Diet: Milk. 


October, 1910. 11 12 13 14 15 16 18 


10 


Temperature— 
Fahrenheit 
Seale. 


Acid type of 
dysentery 
bacillus ty pe (D) 
solated from 
stools. 

Note slow pulse. 
This was often 
noted during 
convalescence, 
especially in 
the Fijians. 


Normal. 


Pulse—Frequency. 


Bowels 
No. of faring 
Motions. \ Evening. 
ot oS oe £5 B Ss 
(8 Ses oe ee © S 
eee | a q 2) a D & a 2) ae) C6” 2 a 
Description ea 5 See Fe gos 5 os 
of Stools. BOs Ss bes ES ges =| cS 
| cos 284 288 8s Fes E = 
Ls= Aq oa eo. ee & 5 
a a al a= 4 Ai 


Appendix VII.—continued.-—CHART 3. 


Disease: Bacillary dysentery; acute form. Name: V.A., Esq. Race: Kuropean (planter). 
Age: 26. Duet: Milk. 


April, 1910 May 

Dag) Xie Wh 7A ase aie I 
Temperature— TM "ETM: 
Fahrenheit ae LM: EM petyy ltrs 


Scale. 


Shiga’s bacillus 
isolated from 
stool; aggluti- 
nated by 
patient’s serum 
ee O): 


Normal. 


ele ara sare ea Xr 
tetetete teeter tet ptt te 


No. of Morning. al Sees ve Ee at. Y 
Motions. Evening. Bay 
Se 4 } bel 


at ca 
ce Sue © gB RO 
Seance Beet 86d Sac 3 
> Bic i S- Ssasm oso DOR ° 
Description J 28 ol en Sas Sols = 
of Stools. BO 29 Be GES dom 3ees = | 
ae i os (emt = S 
Jeo Se Ba EseS BESg Sogs = 
LA =I x ORE Om es nig E 
, ~ 2 : 
/ A 
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APPENDIX VIII. 


(1) Details of a Case of Relapsing Dysentery apparently belonging to the 
Bacillary Form. 


An Indian male, aet. 29, was admitted to hospital in October, 1910, with all 
the symptoms and signs of an acute attack of dysentery. He passed on an 
average fifteen to twenty stools in the twenty-four hours ; these contained a 
great deal of adhesive mucus, rarely with the addition of blood. The 
temperature was raised to 100° F. for the first two days after admission. ‘There 
was considerable abdominal tenderness, and the sigmoid could be distinctly 
palpated in the left iliac fossi. There were signs of consolidation, probably of 
tubercular origin, at both apices, especially at the left. His haemoglobin 
percentage was 70. The stools contained numerous Ankylostome ova, red 
blood corpuscles and swollen vacuolated epithelial cells. His physical 
condition was very poor; he was very emaciated, but improved rapidly on 
sodium sulphate and cyllin treatment. After seventeen days’ stay in hospital 
he was discharged. He was then passing normal stools, had no abdominal 
pain, and had put on flesh. His serum agglutinated Shiga’s bacillus in a 
dilution of 1 : 200. 

Three weeks later he was readmitted, passing stools of a similar nature, con- 
taining quantities of mucus, but no blood. The pulmonary condition had 
seemingly not advanced, the abdomen was tender, and the sigmoid could be 
distinctly palpated in the left iliac fossa ; he again improved on treatment with 
sodium sulphate and cyllin, and was discharged a month later in good 
condition passing normal stools. His serum still agglutinated Shiga’s 
bacillus. No amoebae were ever found in the stools, though examined 
frequently with this object in view. 


(2) DeEvTAILs OF A CASE OF ACUTE DYSENTERY FOLLOWED BY SYMPTOMS 
RESEMBLING THOSE OF SPRUE. 


An Indian male, aet. 59, was admitted to hospital with a typical attack of 
acute dysentery. Temperature 101° F. The tongue was furred and abdomen 
tender ; he was passing numerous stools, containing quantities of mucus and 
blood, and accompanied by tenesmus. There was considerable pain on palpa- 
tion over the sigmoid flexure,which could be distinctly felt. He was in hospital 
altogether two and a half months, and during the whole of that period, though 
the mucous discharges were frequently examined microscopically, no amoebae 
were ever found; large vacuolated cells containing chromatin masses were 
always present. 

Though frequently tested, his serum never reacted towards the dysentery 
bacillus. He continued to pass frequent bulky stools on an average of five to 
tenaday. He was treated with cyllin and sodium sulphate, and after the first 
week he was passing no more mucus or blood. A few days later the abdominal 
tenderness had disappeared, and there was no tenesmus; pain was com- 
plained of over the liver, which was distinctly tender on pressure and definitely 
enlarged ; there was no concurrent rise of temperature or leucocytosis. Three 
courses of ipecacuanha treatment were given, beginning with five and working 
up to thirty grains of the powder, but no definite improvement was noted. The 
stools were still pale, frequent, bulky, of sour odour, and fermenting. They 


still averaged about sevenaday. The pain over the hepatic area still continued, 
but his tongue was quite clean. 
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Two months after admission he began to complain of sore patches at the 
sides of his tongue; glazed, raw, sensitive areas were noticed on the edges 
of that organ. The patient was now emaciated, and had dyspeptic symptoms 
and marked abdominal distension. On attempting to restrict his diet solely to 
milk, he ran away, so that his subsequent fate could not be ascertained. 
I may mention that the occurrence of sprue amongst Europeans is considered 
rare in Fiji. 


APPENDIX IX. 


Disposal of Excreta of Dysentery Patients in the Colonial Hospital, Suva, 
Fiji. 


The patients defaecate on an open verandah adjoining the dysentery ward. 
The receptacles provided are pans with movable lids. These are primarily 
intended to prevent the access of flies to the stool. In many instances these 
lids do not fit properly ; in others, actual holes have rusted through the tin. 

Many patients, especially when acutely ill with dysentery, defaecate over the 
sides of these pails, and even through a crack in the boards of the verandah, 
soiling the ground below, thus making dissemination of the infective material 
aneasy matter. After inspection by the medical officer, the stools are carbolized 
and are then emptied by an attendant into a large pail, also fitted with a lid ; 
during this process the flies have easy access to the interior of this large recep- 
tacle. These pails are subsequently collected by a sanitary gang and dumped 
out atsea. The pans themselves are washed underneath a tap and the washings 
pass into a drain, the outlet of which, conveying infective material, is situated 
but twenty-four yards away from the ward, and opens into a clump of grass. 
The ground around is saturated, offensive, and swarms with flies. 

The main Indian ward is situated eighty yards, and the Fijian ward 150 
yards, away up the hill. A number of patients were infected with dysentery 
in these wards whilst in hospital suffering from other complaints. The 
Fijians were especially affected ; their habit of eating their food spread out on 
a common dish would give easy access to infected flies, which settle on the 
food in great numbers. 

The post-mortem room is another possible source of infection ; there the pipe 
carrying infective material from the post-mortem table opens out on the hillside 
but twenty yards away. 


ENQUIRY INTO THE SPREAD OF ACUTE DYSENTERY IN THE 
NatIvE Gaous, Suva, Fus1. 


The main gaol, Suva. This gaol accommodates some 200 prisoners, for 
the most part Indians ; there were also a few Solomon Islanders and Fijians. 
It is situated about one and a half miles from the town, on the shores of the 
harbour, and accommodates also thirty female prisoners, though on an 
average about a dozen are detained there. 

Out. of a total of 157 cases of acute dysentery under observation at the 
Colonial Hospital, no less than eighty were prisoners from the gaol, and of these 
fifty-six were Indians. These figures, I think, indicate the prevalence of acute 
dysentery at this institution. The warders are Fijians, of whom several were 
also infected. The quarters for the women are situated on higher ground ; 
their cooking and sanitary arrangements are quite separate from those of the 
men. No cases of dysentery occurred amongst them; they never leave the 
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gaol, whereas the men are at work in gangs during the day and undertake a 
great deal of the public work of the Colony. The surface drainage is excellent, 
and the gaol itself is kept very clean. There are proper latrines for the men ; 
the dry-earth system is adopted, each closet is provided with a wooden lid, and 
the faeces are covered with lime immediately by an attendant. The night 
stools are passed in a sort of iron cage leading off from the dormitory into which 
the men are locked every night. The excreta fall into an open drain, out of 
which they are flushed every morning into a closed drain-pipe, which frequently 
becomes blocked ; the habit of the prisoners in using a kind of reed to cleanse 
themselves with also adds to the obstruction. This drain is frequently out 
of order ; the ground around is soiled, and probably constitutes one of the main 
foci of infection in the gaol. 

A new fly-proof kitchen is being built, but the old one is a dirty open shed. 
Tne food is served in another open shed, and in both of these places is liable 
to contamination by flies. 

The gaol generally is particularly free from these insects, but they collect in 
numbers round both the day and night latrines and the kitchen. 

The food is good, and consists of beef, one pound of rice, one pound of bread, 
pumpkin and beans, ad libitum, per man. The water supply is good, and is the 
same as provided at the town of Suva, namely, by pipes from reservoirs situated 
four miles from the town. 

The excreta, removed daily from this dry-earth system by a sanitary gang 
of convicts, are placed on barges and dumped out at sea. No cases of dysentery 
occurred amongst the sanitary gang, which also performs the same service at 
the residences of the European Government Officers. 

All the Hindoos wash their hands before meals, and have two baths a day ; 
they are kept much cleaner and receive much better fare than the coolies in the 
plantations. 

The Fijian gaol, Nasova, Suva. ‘This is a small prison to accommodate thirty 
Fijian prisoners and two constables. It is situated in the grounds of Govern- 
ment House ; several of the most severe cases of dysentery amongst the Fijians 
occurred in this institution. The quarters are constructed in the shape of: 
Fijian houses, or buris. 

There is a dry-earth latrine, which is infested with flies. The excreta are 
covered with ashes after deposition. The kitchen is a tin shed, not screened, 
and flies abound and have free access to the food. The night-soil system is 
similar to that adopted in the large gaol; the receptacle is a bucket, which is 
emptied in the morning. 

The police harracks, situated in the vicinity, accommodate forty native 
constables, who sleep in native huts. The latrines are on the dry-earth 
system, and are cleanly kept. 

Out of fifty-four Fijians suffering from acute dysentery, and who came under 
observation, seventeen were prisoners and twelve were constables living in 
this gaol. 

A complete drainage scheme has now been completed, and when installed 
the hospital and gaols will be linked up in the general system, and then these 
possible foci of infection will cease to exist. 
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APPENDIX XI. 


Abstract of three Cases, belonging to the Toxic or Fulminating form of 
Acute Dysentery, who died after treatment with sodium sulphate ; 
together with a summary of the post-mortem findings. 


(1) Fijian male, aet. 30, admitted with a temperature of 100° F., great 
abdominal rigidity and pain. He passed over thirty stools per diem, consisting 
of green faecal matter, together with a great quantity of pink mucus, and 
accompanied by considerable tenesmus. The tongue was covered with a dense 
white fur. 

Treatment consisted of sodium sulphate, one drachm every hour for the first 
twenty-four hours, and then four-hourly. The temperature remained raised 
for four days and then became subnormal. | 

Two days before death he became collapsed and passed a quantity of melaena. 
The stools were still very frequent, the pulse 130 per minute and very weak, 
the abdomen very tender, especially in the left iliac fossa. The heart sounds 
became hardly audible, and the patient collapsed and died. 

Post-mortem. Thorax. All organs were healthy; there were adhesions at the 
apices of both lungs, but no signs of tuberculosis. 

Heart. All cavities contained dark, fluid blood. The right ventricle was 
dilated. 

Abdomen. The liver, kidneys and pancreas appeared healthy. The gall 
bladder was distended ; the spleen was small, dark and diffluent. 

The alimentary canal. The stomach and duodenum were healthy. 

The small intestine. In the upper part of the jejunum six specimens of 
Necator americanus were found. The lower part of the ileum was injected 
and contained black, blood-stained mucus. 

The large intestine. The caecum and the whole of the large intestine were 
ina similar condition ; the intensity of the process increased as the rectum was 
approached. ‘The intestinal contents consisted of mucus and a great deal of 
black melaena. 

The intestinal walls were greatly thickened, the whole of the mucous 
membrane being gangrenous and of a bright green colour, covered with thick, 
blood-stained mucus. In places the necrotic layer had sloughed away. The 
process was most severe in the lower part of the rectum. No actual ulcera- 
tion was seen. The mucous membrane of the appendix was healthy. 

(2) Fijian male, aet. 20, was under observation seventeen days before death. 
He was admitted for severe tertiary yaws ulcerations, but contracted dysentery 
while under treatment in hospital. or the first ten days the temperature rarely 
rose above normal, but became irregular (up to 100° F.) during the last week. 

The stools consisted for the most part of foul green faeces, containing large 
masses of pink mucus and blood which resembled frog’s spawn and numbered 
about twenty per diem. At first there was no abdominal tenderness, but this 
became very marked towards the end. 

The pulse throughout remained thin and weak. Death took place suddenly, 
apparently from collapse. Treatment consisted of sodium sulphate, one 
drachm, for the first two days, then the same dose four-hourly. 

At the post-mortem.—Thorax. All the organs were healthy. 

Abdomen. Liver, kidneys and pancreas appeared healthy. The spleen was 
small, dark and diffluent. The stomach and duodenum were healthy. 

The small intestine was perfectly healthy throughout its extent ; no parasites 
were found. 
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The large intestine. On opening the caecum, ragged irregular-shaped ulcers 
were seen spreading over the surface. The solitary lymphoid follicles were 
large and distinct; the ulcers apparently had their origin from these points. 
The intervening mucous membrane appeared healthy. 

Ascending, transverse and descending colons contained numerous ulcers and 
submucous haemorrhages ; the surface was lined with tenacious strawberry- 
coloured mucous. The contents consisted of liquid green faecal material. 

The sigmoid flexure was most affected, being of great thickness and studded 
with small ulcers, the intervening mucous membrane being greyish-green in 
colour and the blood-vessels dilated. There was a small patch of apparently 
healthy mucous membrane in the pelvic colon. The most intense ulceration was 
situated in the rectum, where sinuous ulcers could be traced under the mucous 
coat. The mucus membrane of the appendix was normal. 

(3) Indian male, aet. 45, was under observation eight days before death. On 
admission he was in a very emaciated state. The tongue was dry and furred ; 
abdomen sunken and acutely tender. The sigmoid flexure could be distinctly 
palpated in the left iliac fossa. 

The temperature registered 100° F. ; the stools numbered over thirty per diem 
and were very foul, consisting of green faecal matter and large quantities of 
blood-stained mucus. There was considerable tenesmus on defaecation. 

In a few days the stools contained more and more melaena; the patient 
collapsed, continually passing stools of the foulest description. He gradually 
sank and died. 

At the post-mortem.—Thorax. All organs were healthy. 

Abdomen. The right iliac fossa contained a quantity of bright yellowish- 
green pus. There were recent adhesions between the neighbouring coils of 
intestines. ‘Two small perforations were found on the ventral aspect of the 
caecum. 

Liver, kidneys and pancreas were healthy. The spleen was small, hard and 
dark. The mesenteric glands were not enlarged. Stomach and duodenum 
were normal. 

The small intestine was normal throughout the whole extent, and contained 
quantities of bile-stained mucous. 

The large intestine. The caecum contained a large ragged ulcer extending 
through all the intestinal coats, and perforation had occurred in two places. The 
rest of the large intestine was occupied by large ragged ulcers with greatly 
thickened margins; in places the mucous and submucous coats had been 
stripped away, leaving the muscular coat bare. The rectum was much thickened 
and the mucous membrane consisted of a thick yellow slough. A collection 
of pus was found occupying the recto-vesical fascia. 


APPENDIX ‘XII. 


Details of two cases, treated with anti-serum injections combined with 
the administration of cyllin by the mouth, and who died while under 
treatment ; together with a summary of the post-mortem findings. 


(1) Indian female, act. 20, found on the road in an exhausted condition. On 
admission her temperature was 98°8° F.; pulse very weak and irregular. ‘There 
was oedema of both ankles, and the urine contained an eighth part albumen. 
The apex beat was situated outside the nipple line, and the cardiac impulse 
was hardly perceptible. The heart sounds were weak, and there was a well- 
marked haemic murmur. 
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The patient was hardly conscious ; the tongue was thickly furred, the abdo- 
men not tender ; ten stools were passed in the first twenty-four hours consisting 
of foul green faeces and quantities of mucus and blood. Microscopically 
numerous ova of Ankylostoma duodenale, pus cells and red blood corpuscles 
were found. The haemoglobin was found to be 50 per cent. 

An injection of anti-serum, twenty cc., was given subcutaneously, immediately 
after admission, cyllin thirty minims per diem and sodium sulphate one drachm 
every four hours. 

Two days after admission the patient became unconscious, and the pulse 
irregular (120 to the minute), the respirations unequal. Typical uraemic 
convulsions set in, starting in the right arm and gradually working over the 
whole body. The breath was ammoniacal ; there was incontinence of urine and 
faeces. Strychnine grs. 1-22 was injected, normal saline transfused, and 
40 cc. anti-serum given subcutaneously and intravenously. The patient 
never regained consciousness, and died. 

The post-mortem was performed one hour after death. 

Thorax. All the organs were healthy. 

Heart. There was dilatation of the right ventricle, and some hypertrophy 
of the left. 

Abdomen. The liver, bright yellow in colour, weighing thirty-seven ounces, 
was very fatty and friable. The spleen was small, dark and diffluent. 
The kidneys were large, pale and fatty, and there was no demarcation between 
cortex and medulla. The capsule stripped easily. The pancreas was normal 
in appearance. The oesophagus, stomach and duodenum were healthy. 

Smallintestine. The jejunum was perfectly healthy, and contained numerous 
ankylostomes and one large female Ascaris luwmbricoides. Of the ileum, the 
upper part was healthy, the lower three feet were injected, especially round the 
Peyer’s patches ; just above the ileo-caecal valve there was a small patch of 
superficial ulceration. 

In the ascending colon the mucous membrane was quite healthy ; the trans- 
verse colon, on the other hand, was much thickened; the mucous membrane 
was strawberry-red in colour, with patches of superficial ulceration here and 
there. The necrotic margins were of a bright yellow colour. The whole 
epithelium was very oedematous, and haemorrhages in the submucous coat 
were visible ; the deepest ulceration occurred on the exposed transverse folds 
of mucous membrane. The intestinal contents consisted of bright yellow liquid 
faeces. No gangrenous epithelium of a green colour was seen. In the neigh- 
bourhood of the splenic flexure a patch of apparently normal mucous membrane 
was found. 

In the ascending colon and sigmoid flexure the change was very marked : 
the mucous membrane presented an appearance like claret jelly; the rectum, 
save for a few patches of ulceration in the upper part, was normal ; both ovaries 
were cystic. Shiga’s bacillus was isolated from scrapings of the transverse 
colon post-mortem. 

(2) Fijian child, male, aet. 14, was admitted with a temperature of 99° F. 
and abdominal pain; he was still being fed on the breast; the tongue was 
thickly furred, and there was great tenderness on palpation over the left iliac 
fossa. The stools numbered about ten a day and consisted of green faecal 
matter, together with mucus and blood. Anti-serum was injected subcuta- 
neously on three occasions, in doses from two to seven cc. ; cyllin syrup (three 
minims pure cyllin) was given by the mouth. The temperature remained raised 
and irregular, often reaching 104° F. at night-time; sponging was resorted 
to. He was transfused with normal saline on three occasions. 

The stools became normal and consisted of yellow faecal matter. Three 
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days before death signs of consolidation were found in both lungs. The child 
died in convulsions. A post-mortem examination was performed immediately 
after death, and the following condition found : 

Thorax. There was broncho-pneumonic consolidation of the lower lobes 
of both lungs. In the purulent exudate numbers of pneumococci were found. 

Abdomen. Liver, spleen, kidneys and pancreas were healthy. Mesenteric 
glands were injected and enlarged. 

The jejunum and upper part of ileum were healthy and contained liquid 
yellow faecal matter. The lower part of the ileum was thickened and injected ; 
the mucous surface was ragged; yellow superficial sloughs could easily be 
detached. 

The mucous membrane of caecum and appendix was much thickened and 
oedematous ; sago-like patches studded the whole of the colon, about the size 
of a millet seed. This appeared to be due to an effusion into the submucosa. 
In the sigmoid a small patch of necrotic epithelium, about six inches long, was 
seen. There was injection of the mucous membrane of the rectum, but no actual 
ulceration. No dysentery-like organisms were cultivated from scrapings of 
the affected bowel post-mortem. 

Neither of these cases came under the category of the most severe or toxic 
type of dysentery. 

According to the classification I have adopted, they belong to the acute 
clinical form of dysentery. In neither case could the cause of death be 
actually ascribed to the dysenteric process. 

In the first, death was probably due to uraemia, consequent on parenchy- 
matous nephritis, complicated by severe ankylostomiasis. In the second 
case there is little doubt that the actual cause of death was broncho-pneumonia 
and that the actual dysenteric lesions were in the process of healing. 


APPENDIX XIII. 
Day on which stools Day on which stools 


became entirely became normal and 
faeculent. patient discharged 
(1) Soprum SuLpHAaTE TREATMENT. from hospital. 
Mild cases—Average of 32 .. 3rd. day bor 7th day 
Acute cases— ,, ,, 15.. Sth _,, ye 15th ,, 


(2) CYLLIN By THE Moutu, Doszs 60-90 Mryims PER DIEM, IN ADDITION 
TO ‘TREATMENT WITH Sopium SULPHATE. 


Day on which stools Day on which stools 


became entirely became normal and 
faeculent. patient discharged. 
Mild cases—Average of 19 .. 2:7th day Pe 6: 5th day 
Acute cases— .,, .,, 14 .. Goth, ere 13°6th _,, 
Toxic cases—l case .. Be 8th ¥ Perie 19th " 


(3) Cases TREATED By INTRAVENOUS INJECTIONS OF ANTI-DYSENTERIC 
SERUM (LisTER INSTITUTE), TOGETHER WITH CYLLIN AND Soprum SULPHATE 
BY THE MOUTH. 


Day on which stools Day on which stools 


became entirely became normal and 
faeculent. patient was discharged. 
Mild cases—Average of 41 .. 3° 5th day 7° 8th day 
Acute cases— ,, ,, 22 .., 52nd. aoe Llevthn 


Toxic cases— ,, , 4 .. 14°25th ,, Ean 29°25th ,, 
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APPENDIX XIV. 


Abstract of five Toxic or Fulminating Cases of Bacillary Dysentery which 
recovered under treatment with Injections of Anti-serum intravenously, 
and Cyllin by the mouth. 


(1) Indian, male, aet. 20, admitted in a collapsed state with a temperature of 
102° F. The pulse was weak and rapid, over 130 per minute ; the tongue 
thickly furred, the stools very frequent; these were green in colour, very 
offensive, and containing quantities of mucus and blood. There was consider- 
able tenesmus on defaecation. 

On the 4th day from the commencement of the illness the abdomen was very 
tender on examination; the coils of the contracted and thickened sigmoid 
flexure could be felt as a tense, movable cord. 

Microscopical examination of the stools revealed no ova, but quantities of 
red blood corpuscles, pus cells and disintegrating epithelial cells. The haemo- 
globin percentage was 80. 

He was treated with sodium sulphate, one drachm, for the first two days, 
then three times a day. Cyllin syrup was given as an intestinal antiseptic in 
half-ounce doses three times a day (30 minims of pure cylin). | 

He was in hospital altogether for seventeen days. For the first four days 
the temperature was raised and irregular, reaching a maximum of 102° and 
103° F. He lay on the floor prostrated, involuntarily passing stools of the 
foulest description, but too weak to pass them into the pail provided for the 
purpose. 

These stools consisted almost of pure mucus and blood, but contained foul- 
smelling faecal matter and undigested clots of casein. Sloughs of mucous 
membrane were passed and were examined microscopically. 

The patient became extremely emaciated, the abdomen sunken. He was in 
a very weak condition, evidently from want of rest and from physical exhaustion. 
On the sixth day he was given cyllin in capsules, in four doses of five capsules 
each, a total amount of sixty minims of cyllin a day. 

A marked improvement was noted after this; the tongue began to clean, 
and the faecal matter in the stools changed from a green to a yellow colour. 
The number of stools gradually diminished, so that on the tenth day from the 
commencement of the illness, he was passing but four a day. On the twelfth 
day they contained no more mucus and blood. 

The patient began to put on flesh at a remarkable rate ; by the fifteenth 
day of his illness the stools were normal and the tongue quite clean. 

The serum of this patient agglutinated both Shiga’s and Flexner’s bacilli in 
a dilution of 1: 100. 

(2) A Solomon Islander, aet. 40, admitted to hospital suffering from a severe 
attack of dysentery. He was under observation twenty-nine days altogether. 
The temperature was for the most part subnormal, but on three occasions was 
slightly raised. 

The history of this case exhibits some of the difficulties experienced in 
attempting to keep a more or less accurate record of cases amongst these 
natives. On one occasion he ran away and was brought back nearly dead, 
and on another he refused altogether to take his medicine. 

The stools at first averaged over twenty a day and consisted of foul-smelling 
green faecal material and quantities of mucus and blood. On microscopical 
examination ova of Tricocephalus dispar and Ankylostoma duodenale were 
found, besides great numbers of red blood corpuscles and pus cells. His haemo- 
globin percentage was normal. 20 cc. of anti-serum were injected into the 
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median basilic vein and he was given sodium sulphate, 1 drachm four-hourly. 
The tongue was very furred and the patient was in a very weak and emaciated 
state. 

The abdomen was not at first tender to palpation, though the sigmoid flexure 
could be distinctly felt ; later, however, the tenderness in this area was marked. 

On the fourth day after coming under observation he ran away, but was 
brought back after wandering two miles and having partaken of a large meal 
of farinaceous native food. He was then almost pulseless and was given a 
second injection of 10 cc. of anti-serum intravenously. The stools were still 
very numerous, and of the foulest description ; the faecal material, when present 
was of a bright green colour. 

On the seventh day, since the patient. remained in a very collapsed and 
exhausted state, a third injection of 20 cc. of anti-serum was given, and on the 
ninth day after admission great improvement was noted. The abdomen was 
relaxed and no longer tender, though the sigmoid could still be felt as in the 
left iliac fossa. 

Henceforward improvement was rapid and he put on flesh, and on the twen- 
tieth day from the commencement of the attack he was passing normal stools. 

A month after his discharge he was seen again; he was then in excellent 
condition, and was acting as a porter on the wharf and carrying heavy loads. 

The serum of this patient agglutinated Shiga’s bacillus in a dilution of 1: 100. 

(3) Fojian, male, act. 24, admitted in a critical state with a temperature of 
100°2° F., a rapid pulse and great abdominal tenderness. He was passing stools 
continuously ; these consisted solely of blood and mucus. The number of 
stools actually passed was uncountable, so that the patient became exhausted 
with straining. The tongue was thickly furred, and there was great tenderness 
in the left iliac fossa. 

Microscopical examination of the mucus passed revealed a great number of 
vacuolated epithelial cells, red blood corpuscles and pus cells. 

He was given an injection of anti-serum intravenously and cyllin in capsules 
up to 60 minims a day, a dose which was afterwards increased to 90 minims ; 
sodium sulphate was also given by the mouth, 1 drachm every two hours. On 
the third day after admission he was given a second injection of anti-serum, 
20 cc., and on that day a small amount of green faecal matter appeared in the 
motions. On the fourth day he began to improve ; the tongue became cleaner ; 
on the fifth the motions contained yellow faecal matter for the first time. 

Acute stomatitis then set in, commencing round the alveolar margins. The 
whole of the buccal mucous membrane became involved and of a green colour; 
the breath was most offensive. Eventually, all the incisor teeth dropped out. 
This process was controlled by frequently cleansing the mouth with a carbolic 
mouth wash. ‘There was oedema of the lips and of the face consequent upon 
this inflammation. The abdominal tenderness disappeared, but the sigmoid 
flexure could still be distinctly felt. By the twelfth day the motions became 
normal, the patient had begun to put on flesh and was discharged from 
hospital at his own request, but was readmitted later for a further period of 
convalescence owing to inability to perform his work ; his motions were quite 
normal. A dysentery bacillus (type E) was isolated from the stools, and was 
agglutinated by the patient’s serum in a dilution of 1 : 500. 

(4) A Solomon Islander, male, act. 20, admitted with a temperature of 102° F., 
a small, rapid pulse, and great abdominal tenderness was most marked in the 
left iliac fossa, where coils of the sigmoid flexure could be distinctly felt 
through the abdominal wall. He was passing over twenty stools a day, accom- 
panied by marked tenesmus. These consisted of green faeces and quantities 
of blood and mucus. 
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On microscopical examination vacuolated epithelial cells, red blood corpuscles 
and pus cells were seen. 

Anti-serum, 20 cc., was administered intravenously, and cyllin in capsules 
up to 60 minims a day was given by the mouth, together with sodium sulphate, 
1 drachm, every two hours. Later a second injection of anti-serum was given 
intravenously, as the temperature remained irregular and the patient's condition 
did not materially improve. 

On the seventh day after admission the stools became less frequent and 
contained a considerable amount of yellow faecal matter, together with quan- 
tities of blood and mucus. On the tenth day the abdomen was no longer tender, 
though the sigmoid could still be felt. On the twelfth day the tongue cleaned 
and the stools became half formed, and from this date onwards contained no 
more mucus or blood. 

An acid type of dysentery bacillus (type E) was isolated from the stools, and 
was agglutinated by the patient’s serum in a dilution of 1: 100. 

(5) Fijian, male, aet. 24, a constable from the Fijian gaol, was admitted with 
a temperature of 100°-4°F., a rapid pulse and great abdominal tenderness, 
especially marked in the left iliac fossa. The motions actually numbered, as 
far as could be ascertained, over fifty in the twenty-four hours. They consisted 
for the most part of blood and mucus ; faecal matter, when present, was foul- 
smelling, of a green colour, and contained no ova of intestinal parasites. 

Great numbers of pus cells and red blood corpuscles were seen on micro- 
scopical examination. Anti-serum, 20 cc., was administered intravenously, 
and 60 minims of cyllin in capsules were given by the mouth, together with 
sodium sulphate, 1 drachm, every two hours. A second injection of anti-serum 
(20 cc.) was given on the second day, and the dose of cyllin was increased to 
90 minims a day. On the fourth day after admission he completely collapsed, 
the pulse became imperceptible at the wrist, the heart sounds just audible, and 
the patient very restless. 

Tinct. opii in 5-minim doses was given every two hours for three days by the 
mouth, and two pints of normal saline were transfused into the pectoral muscles. 

The patient then fell into a deep sleep, after which his condition became much 
improved and the pulse gained in strength. He still passed a great number 
of stools, resembling the so-called “ meat washings,” and these on several 
occasions contained sloughs of mucous membrane, which were examined micro- 
scopically. The temperature remained irregular. 

On the twelfth day of the illness, after having induced his attendant to give 
him a cold bath, he once more collapsed and became pulseless ; his temperature 
fell to 95°6° F. The pulse remained irregular and weak for three days, during 
which time the heart sounds were hardly audible. Stimulants were given and 
normal saline, one pint, transfused. ‘Two injections of anti-serum (30 cc.), 
given intravenously and subcutaneously, were followed by great improvement 
in the general condition of the patient. For some time past he had been 
strange in his manner and speech ; his mental condition did not improve 
till convalescence was fairly established. 

He was now absolutely emaciated, abdomen sunken, the skin shrunken and 
inelastic, so on the sixteenth day another injection of normal saline was given 
and was absorbed with great rapidity. From this time forward improvement 
was rapid and pronounced, and the patient began to put on flesh. Concurrently 
with the general improvement, the tongue became clean and the stools yellow 
and faecal, so that three weeks from the commencement of the attack he was 
passing normal stools. Signs of pulmonary tuberculosis at both apices were 
now discovered, as the temperature still remained of a hectic type. Shiga’s 
bacillus was isolated from his stool, and was agglutinated by his serum up to 

a dilution of 1 : 500. 
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Appendix XIV.—continued.—CHART 7. 


Severe case of bacillary dysentery treated with anti-serum intravenously and with 
cyllin by the mouth. 


Disease: Bacillary dysentery ; toxic or fulminating form. Name: Tevita 3. Race: Fijian. 


Age: 24. Dvtet: Milk. 
October, 1910. 1 2 3 4 5 Game 8 De a0 =o 


Temperature— 
Fahrenheit Scale. 


Acid type of dysen- 
tery bacillus 

type E) isolated 
from stools. 

Severe stomatitis 


with loss of all 
incisor teeth. 
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APPENDIX XV. 


Summary of cases of Amoebic Dysentery. 


(1) Indian male, aet. 25, had blood and mucus in stools for two weeks before 
admission to hospital. Stools numbered twelve to eighteen per diem, consisting 
almost entirely of pure blood and mucus. His temperature was 101°5° ¥’., his 
tongue was furred ; there were rigidity and tenderness over the sigmoid flexure 
and slight tenesmus on defaecation. A great number of active amoebae were 
found in the mucus ; these measured 20 to 30 in diameter. In the unstained 
state the nucleus was not visible, but the endoplasm was very granular; ova 
of Ankylostoma duodenale were also found in the stools. 

Mucus from the freshly-passed stool was cultured on Conradi-Drigalski 
medium, but no bacilli resembling the dysentery bacillus were isolated. 

Agglutination tests with cultures of Shiga’s and Flexner’s bacilli in a dilution 
of 1: 50 gave a negative result. After the administration of four doses of pulv. 
ipecac. (grs. 10-30) he was passing formed yellow stools. 

(2) Indian male, aet. 18, had blood and mucus in stools for four days before 
admission to hospital. Stools numbered six to eight per diem, and consisted 
of brown faecal matter, fresh mucus and blood. On microscopical examination 
of the stools, ova of Tricocephalus dispar, Ankylostoma duodenale and Ascaris 
lumbricoides were found. Great numbers of active amoebae and flagellates, 
probably Trichomonas intestinalis, were also present. ‘The nuclei of the amoebae 
were not visible in the unstained specimens ; the endoplasm was very granular. 

The temperature was normal on admission ; five days after he had a rigor 
with marked hepatitis ; the liver was enlarged and tender. The temperature 
remained raised for two days, and there was a leucocytosis of 10,000. 

On treatment with pulv. ipecac. (grs. 30) the stools rapidly became normal 
and all signs of hepatitis disappeared. 

After discharge he had no more symptoms of dysentery ; he was examined 
two months after and found to be quite normal. 

The serum of this patient was tested against a dilution of Shiga’s bacillus 
1:100 with a negative result (Chart 10). 

(3) European male, aet. 33, had been ill for three months before admission, 
passing blood and mucus in his stools. He had been treated during this period 
with salines, but although he improved temporarily a relapse always occurred 
when he partook of a more extended dietary. His temperature on admission 
was 102° F., intermittent in type, and remaining raised for eleven days. 

His tongue was thickly furred and he was acutely ill. The abdomen was very 
tender to pressure, especially over the sigmoid flexure. The stools, which 
consisted of very offensive liquid brown faecal matter and a quantity of mucus 
and blood, averaged about ten to eighteen in number per diem. 

Numerous active amoebae were found in the mucus; these measured 20 to 30 
in diameter ; the nuclei were not visible in the fresh state, and the endoplasm 
was granular. After the administration of pulv. ipecac. (in doses of from 5 to 
30 grains) over a period of fourteen days, the temperature rapidly fell to normal, 
and the stools became healthy and averaged one a day. After three weeks’ 
stay in hospital he was discharged. 

The serum of this patient did not agglutinate Shiga’s bacillus. 

(4) Solomon Islander, male, aet. 25, admitted to hospital with a temperature 
of 102° F. and a dirty tongue. He was evidently suffering from pulmonary 
tuberculosis, of which there were definite signs at the right apex ; his spleen 
was enlarged, probably owing to long-standing malaria. There was considerable 
anaemia; the haemoglobin index was only 40 per cent. His stools were very 
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numerous, twelve to eighteen a day; these consisted of foul faecal matter 
intimately mixed with mucus and blood, bearing a remarkable resemblance 
to strawberry jam. On microscopical examination, numbers of active amoebae 
were found ; these measured about 15 » in diameter. The nucleus was not 
visible in a fresh state, and the endoplasm contained no granules. A number 
of amoebic cysts, measuring 20 to 30 » in diameter, were algo seen ; they con- 
tained eight nuclei (in this respect resembling the cysts of Amoeba coli). Great 
numbers of active trichomonas and small cysts were also present, in addition 
to ova of Ankylostoma duodenale. His serum was tested against a culture of 
Shiga’s bacilli with a negative result. 

After a few days in hospital there was acute tenderness over the hepatic 
area, and the liver was definitely enlarged. The sigmoid flexure was acutely 
tender on pressure. After the administration of pulv. ipecac. (grs. 5 to 30) his 
stools became normal, averaging but one or two per diem, and no more amoebae 
could be found. The abdominal tenderness disappeared. 

The patient succumbed to pulmonary tuberculosis eleven days after the stools 
had become normal. 

At the post-mortem evidences of widespread tuberculosis were found ; there 
were miliary tubercles in both lungs ; tubercles were found in the mesenteric 
glands, suprarenals, pelvis of both kidneys, and also in the liver. The spleen 
was large, and contained well-marked caseating nodules. The small intestine 
was healthy and contained numbers of ankylostomes. The large intestine, 
however, was covered with a definite greenish-yellow diphtheritic membrane, 
which could be removed with ease, leaving behind a pink granulating surface. 
Numbers of healing ulcers, situated in the long axis of the bowel, were also 
found ; cicatrizing ulcers of a large and irregular shape were found in the ascend- 
ing colon. The sigmoid flexure and upper part of the rectum were healthy. 

In the lower third of the rectum, snail-track ulcers with yellow superficial 
sloughs were found running parallel to the transverse folds of mucous membrane. 

In microscopical sections of the large intestine numbers of amoebae, often in 
a partially disintegrated state, were seen in a layer of fibrinous exudate, 
superficial to the epithelial layer (Plate Va 

(5) Huropean male, aet. 23, had had an attack of chronic dysentery in Demerara 
two years previous to admission, in addition to two attacks in the last three 
months. He had never recovered from the last attack ; the stools, averaging 
six to seven a day, contained blood and slimy mucus. 

On admission the temperature was subnormal and remained so during his 
stay in hospital. His tongue was dirty ; there was no abdominal tenderness. 
The stools averaged seven to twelve a day; these bore a very foul odour and 
peculiarly greasy appearance. Flecks of peculiarly tough mucus and a small 
quantity of blood were present. 

On microscopical examination amoebae were found ; they averaged about 
20 uw in diameter, the nucleus was not visible in fresh preparations, the endo- 
plasm was markedly granular. 

His serum, tested against Shiga’s and Flexner’s bacilli, gave a negative result. 
He was treated with pulv. ipecac. (grs. 5 to 30) over a period of four days and 
the stools rapidly became normal. At first he vomited frequently after the 
powder, but this was well tolerated when enclosed in keratin capsules. A 
fortnight after discharge he was re-admitted, complaining of considerable pain 
in the left iliac fossa. His stools then averaged seven or eight a day and 
contained mucus and blood. 

After a further course of ipecacuanha in keratin capsules he was discharged 
in a fortnight’s time, passing normal stools. Subsequently, after a further 


period of three months, he was examined again, but had had no return of 
Symptoms. 
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(6) Indian male, aet. 40, was admitted in a very wretched condition, very 
emaciated and anaemic (haemoglobin 40 per cent.); there was marked 
oedema of both ankles. 

His temperature was irregular, varying from 99° F. to 101° F., but his 
tongue was fairly clean. There was a large bulging swelling on the right side 
of the thorax, which was very painful on pressure. The liver was enlarged 
upwards to the fourth rib in the nipple line, and downwards two finger-breadths 
into the abdomen. Definite consolidation at the base of the right lung was 
found. 

The heart’s apex beat was displaced two inches external to the nipple line. 

On examination of the blood the red cells numbered 2,300,000 per cubic 
millimetre, and there was a polymorphonuclear leucocytosis of 13,000 (poly- 
morphs 80 per cent.). His serum did not agelutinate a culture of Shiga’s or 
Flexner’s bacilli. 

The abscess was explored; liver pus, which was sterile on culture, was obtained. 
Before an operation could be performed the patient absconded, but was brought 
back ten days after in an almost moribund condition. The liver dulness now 
extended up to the third rib in the nipple line. 

At operation two ribs were resected and four pints of thick curdy liver pus 
evacuated. The cavity in the right lobe, which was a large one, appeared to 
extend into the left lobe as well. | 

He was passing six to eight stools a day, containing a quantity of mucus and 
blood, in which numbers of amoebae were found. The nuclei of these amoebae 
were not visible in the unstained specimens. 

Ova of Ankylostoma duodenale were also present in the stools in great numbers. 

The second day after operation, amoebae bearing the same morphological 
characters were also found in the liver pus. On continuous doses of ipecacu- 
anha (5 to 30 grs.) the stools became rapidly normal. To prevent vomiting, 
the powder was given in pill form, coated with salol, with good results. 

The after-history of this man is most interesting. He developed a pyo- 
pneumonothorax on the right side, which caused a marked displacement of | 
the heart ; there was great respiratory distress, the abscess cavity in the liver 
became septic, and he almost died from septic absorption. Another abscess 
then developed in the left lobe of the liver ; this was opened under local anaes- 
thesia. Eventually, however, the patient recovered entirely and returned to 
India, though, naturally, the pneumonothorax still persisted. 

(7) Indian male, aet. 45, admitted with a history of dysentery of nine weeks’ 
duration. His temperature was normal, and was never raised during his whole 
stay in hospital. The stools were frequent, twelve to fourteen a day; they 
consisted of semi-solid faecal matter coated with mucus and blood. For the 
first week in hospital he was treated with frequent doses of sodium sulphate, 
but without any marked improvement in the number and nature of the stools, 
which still contained quantities of blood and mucus. He was very emaciated 
and anaemic (haemoglobin 50 per cent.) and his tongue was furred. 

Ova of Ankylostoma duodenale were numerous in the stools ; active amoebae 
were found algo in great numbers ; these measured 15 to 22 in diameter; their 
nuclei could not be distinguished in the fresh specimens, nor was the endoplasm 
markedly granular. They were so numerous that twenty or more could be 
found in one field of the microscope with a high-power lens. Some small cysts, 
probably of some intestinal flagellate, were also present in great numbers. 

There was no abdominal tenderness and the liver was not enlarged. His 
serum did not agglutinate cultures of Shiga’s or Flexner’s bacilli. 

Pulv. ipecac. (grs. 5 to 30) was given over a period of ten days with great 
benefit ; the patient rapidly put on flesh, the stools became normal and averaged 
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but one a day. On discharge, after three weeks in hospital, he was in good 
condition. There was then a considerable amount of thickening round the 
sigmoid flexure, which could easily be felt through the abdominal wall. 

(8) Indian male, act. 35, a confirmed opium eater, admitted to hospital with 
a history of chronic dysentery of three months’ duration. His temperature 
remained subnormal during his stay in hospital. Six to eight stools a day were 
passed, consisting of foul-smelling faecal matter and a considerable amount of 
mucus and blood. The tongue was thickly furred ; the abdomen was acutely 
tender and there was considerable pain over the hepatic area, but the liver 
was not definitely enlarged, though tender on pressure. Dulness on percussion 
was found at the base of the right lung. 

Great numbers of amoebae were found in the mucus passed in the stools; their 
nuclei could not be clearly distinguished in the living state ; their endoplasm 
was not granular. 

The serum of this patient failed to agglutinate cultures of Shiga’s or Flexner’s 
bacillus. 

Treatment consisted of pulv. ipecac. (grs.5 to 40) for fourteen days, after which 
all pain over the hepatic area had disappeared. Thickened coils of the large 
intestine could easily be palpated through the abdominal wall. 

He was discharged after a month’s stay in hospital; he was then passing 
normal stools and had gained considerably in weight. 

(9) Indian male, aet. 30, admitted with a history of dysentery of two months’ 
duration. His temperature was subnormal on admission; only on two 
occasions during his stay in hospital was a slight rise of one degree noticed. 
His tongue was thickly furred. 

The stools consisted of green faecal matter intermingled with a quantity of 
mucus and blood, and numbered from nine to sixteen a day. Numbers of 
amoebae and ova of Ankylostoma duodenale were found in the stools. These 
amoebae were very numerous and active ; great variation in their size was noted, 
but no nucleus could be distinguished in the living examples. The contrast 
between the granular endoplasm and the clear ectoplasm was marked in them. 
Some contained red blood corpuscles. 

Pulyv. ipecac. (grs. 5 to 30) was given over a period of eight days. After the 
exhibition of this drug, evident improvement in the general appearance of the 
patient was apparent. The stools rapidly became normal in appearance and 
averaged about one per diem on his discharge (Chart 11). 

(10) Solomon Islander, male, aet. 30, was admitted in a very collapsed state ; 
the pulse was just perceptible and the heart sounds were just audible. 

There was a history of having passed blood for a fortnight previous to admis- 
sion. The temperature was raised (101° F.) and of a hectic type (Chart 12). 
His tongue was thickly furred, and there were sordes on his lips. 

The abdomen was not tender to palpation, but the coils of the thickened 
sigmoid could be plainly felt through the abdominal wall. 

Stools were being constantly passed, accompanied by great pain and tenesmus ; 
their number was uncountable. They consisted almost entirely of thick blood, 
with the addition of a little mucus. Under the influence of continuous saline 
transfusion, he rallied a little. No amoebae were found in the stools after 
frequent examination. 

His serum did not agglutinate either Shiga’s or Flexner’s bacilli. 

Being under the impression that I was dealing with a case of bacillary origin, 
I injected anti-dysenteric serum on seven occasions (120 cc. being given alto- 
ene: and cyllin was administered by the mouth, but without any beneficial 
result. 


He collapsed frequently, but rallied after transfusion with normal saline, 
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and died on the eleventh day after admission. The abdomen was acutely 
tender before death, and the stools still consisted almost entirely of blood. 
At the post-mortem the thoracic organs were all healthy. 

Abdomen. ‘The liver weighed sixty ounces and was very pale ; on section, 
numerous miliary abscesses were scattered throughout its substance ; none 
were larger than a small pea. 

Intestines. Some old adhesions were found uniting the hepatic flexure of 
the colon to the peritoneum. The small intestine was normal in appearance. 
The large intestine was ulcerated throughout its whole extent. Large ragged 
ulcers extended down to the muscular coat, which in places was almost per- 
forated. The caecum and the rectum were most intensely affected. The 
margins of the ulcers were haemorrhagic, but the mucous membrane in between 
the ulcerated areas appeared healthy. The intestinal contents consisted of 
erey purulent material. 

Amoebae were found in numbers in the hepatic abscesses in microscopical 
sections ; they were also found in sections through the intestinal ulcers, in the 
submucosa, and in the substance of the circular muscular coat. The mucous 
and submucous coats appeared to have been swept away ; the circular muscular 
coat was covered by a thin layer of necrotic tissue, in which a few amoebae 
could be recognized ; probably, however, the pathological picture had been 
masked by an intense secondary bacterial infection. 

Acute cases of this description have been recorded by Kuenen in Java; in 
these cases, also, it is instructive to note, no amoebae were found in the dis- 
charges during the patient’s lifetime. 
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Appendix XV.—continued.—CHART 11. 


Disease: Amoebic dysentery. Name: Gulab. Race: Indian. Age: 30. 
February, 1911. 8 9 co We az is 4° ) 16. AT. 18 1. 20) 21 


Temperature— 
Fahrenheit Scale. 


Dysentery for two 
months. Amoebae 
very numerous in the 
mucus. 


Normal. 


Bowels. 
No. of eee 


Motions. J Evening. 


Description 
ef stools. 


Amoebae in 
stools+ 
and blood. 
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Formed stools, 
little mucus 
Normal stool. 
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APPENDIX XVI. 


Summary of post-mortem of a Fijian who died from intestinal haemorrage 
consequent on Amoebic Dysentery. 


A well-nourished Fijian, about 40 years of age, was admitted with a history 
of dysentery of some duration. Almost immediately after admission he vomited 
quantities of blood, and dark blood was passed per rectum. In the melaena, 
ova of Necator americanus were found, but no amoebae. Death took place 
after a severe bout of haematemesis 

At the post-mortem :— | 

Thorax. A quantity of pus was found in both pleural cavities. The lungs 
were healthy ; the bronchi were full of aspirated blood. 

Abdomen. The oesophagus, stomach and intestines were full of black blood. 
A number of Necator americanus* were found in the ileum. 

The large intestine, the caecum, ascending and transverse colons, were 
healthy. In the descending colon numerous old and cicatrizing ulcers were 
seen. The sigmoid was intensely ulcerated ; these ulcerations were deep and 
extended down to the muscular coat; the edges of the ulcers were raised, rolled 
and bile-stained. They were of irregular outline, and measured one to one-and- 
a-half inches in length. 

In the upper part of the rectum other ulcerated areas were found which 
extended to the anus itself. On microscopical section through these ulcers, 
great numbers of amoebae were found invading the submucous coat: they 
were lying in a mass of chronic inflammatory tissue. Many of them were of 
irregular outline, and contained red blood corpuscles (Plate VI.). 

The subjacent muscular coats also showed inflammatory changes. In the 
intact mucous membrane in the neighbourhood of the ulcer a few amoebae could 
be seen invading the interstitial tissue between the crypts, and actually lying 
within the lumen of the crypts themselves (Plate VI.). 

The kidneys were large, pale and fatty, due to chronic parenchymatous 
nephritis. | 

Strong, of Manila, has described similar cases of amoebic dysentery in which 
intestinal haemorrhage took place with fatal result. 
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* For the identification of these specimens, I am indebted to Dr. R. T. Leiper. 
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